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THE RELATION OF SALT PROPORTIONS AND CONCEN- 
TRATIONS TO THE GROWTH OF YOUNG WHEAT 
PLANTS IN NUTRIENT SOLUTIONS CONTAINING A 
CHLORIDE : $ 

Ву Sam Е. TRELEASE 
Of the College of Agriculture, Los Baños, Р. I. 


TWELVE TEXT FIGURES 
INTRODUCTION 


For the development of higher plants the chemical elements 
carbon, hydrogen, oxygen, nitrogen, phosphorus, sulphur, cal- 
cium, magnesium, potassium, and iron are unquestionably neces- 
sary. Carbon mainly derived from the carbon dioxide of the 
air, together with hydrogen and oxygen, which enter through 
the roots in the form of water, make up by far the greater por- 
tion of the plant substance. But the other necessary elements 
must be supplied and they also enter through the roots from 
aqueous solution. With the exception of iron, of which but 
little is needed, these essential elements must be furnished in 
relatively large amounts. 

That higher plants require nitrogen, sulphur, phosphorus, cal- 
cium, magnesium, potassium, and iron in an aqueous solution 
about their roots was pointed out very early by Birner and 
Lucanus? These writers supplied the necessary elements in 


* Botanical contribution from the Johns Hopkins University, No. 58. 
?Birner, H., and Lucanus, В., Wasserculturversuche mit Hafer. (In 
der agr.-chem. Versuchs-station zu Regenwalde i. J. 1864 durchgeführt.) 

Landw. Versuchsst. 8 (1866) 128-177. | 
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the form of the salts monopotassium phosphate, calcium nitrate, 
magnesium sulphate, and ferric phosphate. Oat plants grown 
in solutions that lacked any of these elements were found to 
have much smaller dry weights than those grown in the full 
nutrient solution. Similar experiments by later workers with 
many other kinds of higher plants have given the same general 
results; namely, that the dry yield is much greater when all 
seven of these elements are present in the culture solution than 
when one or more of them are omitted. | 

Birner and Lucanus also showed that these seven are the 
only elements that are necessary for excellent growth of oat 
plants. There has been considerable discussion, however, among 
various writers as to whether certain other elements may not 
be essential for plants in general or for certain plants in 
particular. Nobbe and others, for example, believed that chlor- 
ine was necessary for the complete development of the buck- 
wheat plant. Beyer* reported that the fruiting of oats and 
peas was not normal in culture solutions that lacked chlorine. 
Also, Salm-Horstmar * was of the opinion that silicon and man- 
ganese were necessary for oats. But from all the work that 
has been done it may be concluded that for most higher plants 
only the seven elements mentioned above are to be regarded as 
essential constituents of the nutrient solution. 

There still remains, however, the problem as to whether plant 
growth may not be significantly accelerated in the presence of 
nonessential elements, and modern investigators have studied 
the effects of а number of such elements. Of course it is well 
known that many unnecessary elements act as poisons and re- 
tard plant growth when supplied in certain concentrations, and 
the problem thus suggested has also been taken up by many 
writers. 


* Nobbe, Е., and Siegert, T., Ueber das Chlor als specifischen Nahrstoff 
der Buchweizenpflanze, Landw. Versuchsst. 4 (1862) 318-340, and 5 (1863) 
116-136; Beitrüge zur Pflanzencultur in wüsserigen Nahrstoff Lósungen. 
IL Ueber das Chlor als Pflanzennahrstoff, Landw. Versuchsst. 6 (1864) 
108-120. Nobbe, F., Ueber die physiologische Function des Chlor in der 
Pflanze, Landw, Versuchsst. 7 (1865) 371-386. Leydhecker, А., Ueber die 
physiologische Bedeutung des Chlor in der Buchweizenpflanze, Landw. 
Versuchsst. 8 (1866) 177-187. : 

“Beyer, А., Bericht über die im Sommer 1867 an der Versuchs-Station 
Regenwalde ausgeführten Wasserculturversuche, Landw. Versuchsst. 11 
(1869) 262-287. 

* Salm-Horstmar, Vers. und Resultáte üb, d, N&hrung d. Pflanze, Braun- 
echweig (1856). 
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Among the generally unessential elements that have been 
considered by investigators, chlorine іѕ.опе of the commonest, 
and it has attracted considerable attention among agriculturists 
also. This element is frequently added to the soil as potassium 
chloride in fertilizer practice, and it has even been maintained 
that addition of sodium chloride to the soil results in an in- 
creased yield of certain crops. The present study deals with 
the influence of chlorine upon the growth of plants in a nutrient 
solution that also contains the seven essential elements. 

Chlorine is not required in large amounts, since plants are 
able to grow and mature normally without appreciable amounts 
of this element. Birner and Lucanus (1886) concluded that 
chlorine was not essential; Knop,® after growing many kinds 
of plants, including buckwheat, also concluded that chlorine was 
unnecessary for normal development. Wagner’ obtained ap- 
parently completely developed maize plants when no chlorine 
was in the culture solution. Recently Prianishnikov, employ- 
ing both the water-culture and the sand-culture methods, was 
unable to establish the necessity of this element. Shulov °? con- 
‘cluded after several years of experimentation that chlorine is 
not necessary for the normal development of buckwheat plants. 

Other investigators have found that many plants make very 
good growth without a chloride in the culture solution, and in 
no case has the necessity for the element chlorine been demon- 
strated. Crone,’ using a nutrient solution without chlorine, 
found that rape, barley, grape, and maize made excellent growth. 

Shive 2: found that young wheat plants made better growth in 
a three-salt nutrient solution, containing the same salts as em- 
ployed by Birner and Lucanus, than in any chloride-containing 
solution that he tested. Buckwheat also matured in Shive's 


' Knop, W., Quantitative Untersuchungen über den Ern&hrungsprocess 
der Pflanze, Landw. Versuchsst. 7 (1865) 93-107. Knop, W., and Dworzak, 
Ber. d. Sachs. Ges. d. Wiss. (1875) 61. 

т Wagner, P., Wassercultur-Versuche mit Mais. III. Vegetations-Versuche 
mit ehlorfreier Lósung, Landw. Versuchsst. 13 (1871) 218-222. 

*Prianishnikov, D. N., Results of vegetation experiments in the years. 
1901-1903, Abstract in Exp. Sta. Rec. 18 (1906-1907) 320 and 321. 

"Shulov, L. S, Various smaller experiments with fertilizers and soils, 
Abstract in Exp. Sta. Вес. 22 (1910) 223. 

» Crone, G., Ergebnisse von Untersuchungen über die Wirkung der Phos- 
phorsiure auf die höhere Pflanzen und eine neue Nahrlósung, Sitzungs- 
ber. Niederrhein. Gesell Natur- und Heilkunde, Bonn (1902) 167-173. 

2 буе, J. W., A three-salt nutrient solution for plants, Am. Journ. Bot. 
2 (1915) 157-160. A. study of physiological balance in nutrient media, 
Physiol Res. 1 (1916) 827-397. 
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three-salt solutions containing по chlorides, Apparently normal 
seeds were obtained repeatedly by Johnston from buckwheat 
plants grown in one of Shive's solutions, without any chloride." 
In spite of the fact that these experiments show that chlorine 
is not required in any considerable amount, it is probable that 
plants have never been grown without containing at least small 
amounts of chlorine. Most plants contain some chlorine and, 
besides typical saline plants, many contain relatively large 
amounts of chlorine in their ash? Since seeds probably always 
contain small amounts of this element, it cannot be regarded 
as actually proved that it is absolutely unnecessary. However, 
the fact that chlorine is found in the ash must not, of course, 
be considered proof that it is essential. Thus, sodium, silicon, 
aluminium, barium, strontium, manganese, zinc, arsenic, copper, 
' boron, bromine, iodine, fluorine, cobalt, nickel, tin, and lead are 
all found in plant ash, and yet no experiments have shown that 
these are necessary to induce growth. But a very recent paper, 
of which I have seen only a brief review, appears to furnish 
evidence that very small amounts of chlorine are necessary for 
buckwheat. Pfeiffer and Simmermacher'* studied the signi- 
ficance of chlorine in fertilization experiments. Chlorine is re- 
ported as indispensable for the growth of buckwheat; but the 
amount of chlorine considered to be required was very small, 
and larger quantities of chlorine compounds were regarded as 
injurious, | 
As with many other nonessential elements, plants may be 
altered in their manner of growth by supplying them with 
chlorine, in addition to the small amount contained in the seed. 
Such alterations may result in accelerated or retarded growth, 
inerease or decrease in yield, etc., and chlorides may therefore be 


= Johnston, E. S., Seasonal variations in the growth-rates of buckwheat 
plants under greenhouse conditions, Johns Hopkins Univ. Circular (March, 
1917) 211-217. E 

"Hopkins, C. G. Soil Fertility and Permanent Agriculture. New 
York (1910) 603. Wolff, Emil, Aschen-Analysen von landwirtschaftlichen 
Producten, Fabrik-abfallen und wildwachsenden Pfianzen. I. Theil, Berlin 
(1871); Aschen-Analysen von land- und fortswirtschaftlichen Producten. 
IL. Theil. Berlin (1880). Mangin, M. H., Sur la ficoideglaciale (Mesem- 
brianthemum crystallinum), Compt. rend. Paris 96 (1883) 80-83. 

" Pfeiffer, Th., and Simmermacher, W., Landw. Versuchsst. 88 105-120. 
through Chem. Zentralbl. 1 (1916) 1186, and Chem. Abs. 11 (1917) 3365. 


17, 6 Trelease: Salt Requirements of Wheat Plants 531 


considered as beneficial or injurious, depending upon the desir- 
ability or undesirability of the changes produced by their use, 

Tottingham '* presents a review of the literature on the effects 
of chlorides on plant growth, and reports experimental studies 
on the influence of chlorides on the growth of a number of 
agricultural plants, He reports that the introduction of potas- 
sium and sodium chlorides into solution cultures had little effect 
on wheat seedlings. Both yield of dry matter and length of. 
roots were depressed in buckwheat grown to maturity in similar 
cultures. In soil cultures, radish was affected only slightly by 
chlorides; increased production of dry matter and sugar content 
resulted with carrot, while the reverse was true of parsnip. 
Sugar beet, in soil cultures, produced more watery roots and 
a greater amount of dry matter; the roots contained more 
glueose, but less sucrose. Similar responses followed the ap- 
plication of common salt alone to beets grown in the field. The 
potato produced increased yields of: dry matter in the tuber 
when potassium chloride was supplied in place of potassium 
sulphate, in à complete fertilizer ration, to soil cultures in the 
greenhouse. Different varieties responded differently accord- 
ing to the percentage of starch. In field cultures in a dry 
season the application of potassium chloride in a complete fer- 
tilizer decreased the yield of dry matter in the tubers, but not 
the percentage of marketable tubers, of, the Triumph variety. 
In a season that was very humid toward its close, no significant 
differences in composition or cooking qualities were found be- 


` tween tubers of the Rural New Yorker variety produced, when 


potassium sulphate and potassium chloride were employed 
separately in a complete fertilizer ration. Sodium chloride ap- 
plied alone altered the composition of the tubers only slightly, 
but affected their quality seriously. It has, of course, been 
found that growth may be retarded when chlorides are supplied 
in very large amounts.** 


* Tottingham, W. E., A preliminary study of the influence of chlorides 
upon the growth of certain agricultural plants, Journ. Am. Soc, Agron. 11 
(1919) 1-32. 

* Wheeler, Н. J., and Hartwell, В. J., Conditions determining the poi- 
sonous action of chlorides, Rhode Island Exp. Sta. Ann. Rep. 15 
(1901-1902) 287-304. 
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Increased growth is reported to have followed the application 
of sodium chloride to the soil, especially in the case of experi- 
ments carried out in the British Isles?" From the point of view 
of physiology it is of course possible that under certain condi- 
tions the addition of chlorides to a nutrient solution may produce 
increased growth, as has been found for many salts of proved 
toxic action.'* 

Not only alterations in the amount of substance produced but 
also changes in the structure and physiological nature of plants 
have been brought about by the addition of chlorides to the 
nutrient medium. Harter 2° found that the addition of sodium 
chloride to the soil of experimental cultures might either in- 
crease or decrease the transpiration rate, and alter the structure 
of wheat, oat, and barley plants. 

It is possible that chlorides may affect certain special meta- 
bolic processes and thus influence the plant more in one stage 
of its development than in another. Nobbe and his coworkers 
reported that chlorides were beneficial for the production of seed 
by buckwheat plants. He considered that this result was due 
to an influence exerted by chlorine upon the translocation of 
carbohydrate food; but Nobbe's observations have not been sub- 
stantiated by more recent research. 

It seems to be well established that many kinds of plants may 
be grown successfully in liquid media without any chloride. 
Nevertheless, most of the culture solutions recommended in the 
literature of plant physiology include a chloride. Тһе following 
solutions may be mentioned as belonging to this class: 


" Dyer, B., Field experiments on cabbages at Rusper, Horsham, Journ. 
Roy. Agric. Soc. England, II 23 (1887) 425-430. Gonehalli, V. H., Com- 
mon salt and its use as manure in the Konkan Division, Dept. Agric. Bombay 
Bull. 29, 19 pp. 1914. Voelcker, G. А., Experiments on the use of salt 
for mangolds, Journ. Roy. Agric. Soc. England 69 (1908) 355-366. Grif- 
fifths, A. B., A treatise on Manure, or the Philosophy of Manuring. London 
(1889) 399 pp. 

* Brenchley, W. E., Inorganic Plant Poisons and Stimulants. Cambridge 
(1914) 110 pp. у 

? Hansteen, B., Ueber das Verhalten der Kulturpflanzen zu den Boden- 
Salzen, L. and II. Jahrb. f. wiss. Bot. 47 (1910) 289-376. 

? Harter, L. L., The influence of a mixture of soluble salts, principally 
sodium chloride, upon the leaf structure and transpiration of wheat, oats, 
and barley, Bull. 0, S. Dept. Agric. Bur. Pl. Ind. 134 (1908) 22 pp. 


D 


РЗ 
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Sachs:? NaCl, CaSO,, MgSO,, Ca, (PO) ,, KNO,. 

Nobbe:” KCl, MgSO,, KH,PO,, Ca (NO,),. 

Tollens:* NaCl, MgSO,, KH,PO, KNO, Ca(NO,), 

Schimper :?* NaCl, MgSO,, K,HPO,, KNO,, Ca(NO,),. 

Detmer:* KCl, MgSO,, KH,PO,, Ca(NO,),. 

Pfeffer: KCl, MgSO,, KH,PO,, KNO,, Ca(NO,),. 

Hartwell, Wheeler, and Pember:" KCl, MgSO, Ca(NO,), 
Ca (H?PO,),. 

Stiles :2° NaCl, MgSO,, KH,PO,, KNO,, CaSO,. 

Brenchley:? NaCl, MgSO,, KH,PO,, KNO,, CaSO,. 

On the other hand, very few nutrient solutions without а 
chloride have been recommended for plant cultures. Of this 
smaller group the following are familiar examples: 

Knop (Tottingham) :* MgSO, КН,РО,, KNO, Ca(NO,),. 


. "Sachs, J., Bericht über die physiologische Thitigkeit an der Versuchs- 
station in Tharandt. IV. Vegetations-Versuche mit Ausschlus des Bodens 
über die Nährstoffe und sonstigen Ernührungsbedingungen von Mais, 
Bohnen und anderen Pflanzen, Landw. Versuchsst. 2 (1860) 219-268. 

? Nobbe, F., Ueber die physiologische Function des Chlor in der Pflanze, 
Landw. Versuchsst. 7 (1865) 371-386. 

?'Tollens, B., Ueber einige Erleichterungen bei der Cultur von Pflanzen 
in wüsserigen Lésungen, Journ. Landw. 30 (1882) 537—540. 

“Schimper, А. Е. W., Zur Frage der Assimilation der Mineralsilze 
durch die grüne Pflanze, Flora 73 (1890) 207—261. 

= Detmer, W., Practical plant physiology, Translated by S. A. Moor. 
London (1898) 2. И 

* Pfeffer, W., The physiology of plants. Translated by А. J. Ewart. 
Oxford 1 (1900) 420. 

п Hartwell, B. F.; Wheeler, Н. J.; and Pember, Е. R.; The effect of the 
addition of sodium to deficient amounts of potassium upon the growth of 
plants in both water and sand cultures, Rhode Island Agric. Exp. Sta. Ann. 
Rep. 20 (1907) 299-357. 

= Stiles, W., On the relation between the concentration of the nutrient 
solution and the rate of growth of plants in water culture, Ann, Bot. 29 
(1915) 89-96. 

? Brenchley, W. E., The effect of the concentration of the nutrient solu- 
tion on the growth of barley and wheat in water cultures, Апп. Bot. 30 
(1916) 77-90. 

"Knop, W., Quantitativ-analytische Arbeiten über den Ernährungs- 
process der Pflanzen. II. Landw. Versuchsst. 4 (1862) 173-187. Totting- 
ham, У. E., А quantitative chemical and physiological study of nutrient 
solutions for plant cultures, Physiol Res. 1 (1914) 133-245. 
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Birner and Lucanus (Shive) :* MgSO,, KH,PO,, Ca(NO,),. 

Сгопе::? CaSO,, MgSO,, Ca, (PO,),, KNO,. 

The study to be reported in the present paper was undertaken, 
as has been stated, to throw more light upon the problem as 
to what may be the physiological influence upon plants of con- 
siderable amounts of potassium chloride in a nutrient solution 
that also contains other salts supplying all the essential 
elements. 

This investigation was carried out at the Laboratory of Plant 
Physiology of the Johns Hopkins University, under the direction 
of Prof. B. E. Livingston, to whom I am indebted for valuable 
assistance during its progress and for aid in the preparation 
of this paper. I am also indebted to Dr. H, E. Pulling for many 
suggestions, 


GENERAL METHODS 


The experimental work comprised four series of cultures 
carried out at different times. The first two of these were 
planned to furnish a general survey of the relations between 
plant growth and salt porportions with a single total concen- 
tration of the solution (osmotic value 1.60 atmospheres). The 
results obtained from these two series made it appear desirable 
to test the effects of higher partial concentrations of potassium 
chloride than had been originally planned, and the third series 
included such tests. Finally, the influence of the total concen- 
tration of the medium was studied for four selected sets of 
salt proportions; these tests made up the fourth series. The 
present section will begin with an account of the general methods 
employed in all four series. This will be followed by a more 
detailed account of the methods employed, the results obtained, 
and a discussion of these results for each of the series taken 
in order. 

In the nutrient solutions of the present study the essential 
elements (besides iron) were Supplied as monopotassium phos- 
phate, calcium nitrate, and magnesium sulphate, and the chlor- 
ide ion was added by the introduction of potassium chloride, 


я Birner, H., and Lucanus, B. Wasserculturversuche mit Hafer. (In 
der agr.chem. Versuchsstation zu Regenwalde i. J. 1864 durchgeführt.) 
Landw. Versuchsst. 8 (1866) 128-177. Shive, J. W., A study of physio- 
logical balance in nutrient media, Physiol. Res. 1 ( 1915) 327-397, 

* Crone, G., Ergebnisse von Untersuchungen tiber die Wirkung der Phos- 
phors&ure auf die höhere Pflanzen und eine neue Nahrlósung. Sitzungs- 
ber. Niederrhein. Nat.- und Heilkunde. Bonn. (1902) 167-173. 
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Thus the solutions here considered are four-salt solutions, and 
they are similar in their general make-up to the other four-salt 
solutions already employed by Tottingham. It will be seen that a 
solution made up of monopotassium phosphate, calcium nitrate, 
magnesium sulphate, and potassium chloride may be derived 
from the proper one of Shive’s three-salt series by the addition 
of potassium chloride. These four salts have been employed 
in Nobbe’s solution in a single set of proportions and in the 
so-called Detmer’s solution in another set of proportions, as 
pointed out above. The present study aimed primarily to em- 
ploy these four salts in various proportions, the total concen- 
tration of the solution remaining the same. The effects of 
different total concentrations with a constant set of salt pro- 
portions was also studied to some extent. 

Culture solutions.—The culture solutions, whose compositions 
are given among the other data of the individual experiments, 
were prepared from analyzed chemicals з and water obtained 
from a “Barnstead” still. Each salt was dissolved separately, 
and the exact concentration of the resulting solution was de- 
termined by chemical analysis (except in the case of potassium 
chloride). This procedure is especially necessary for solutions 
of calcium nitrate and of magnesium sulphate, because these 
salts contain amounts of water of crystallization that vary 
between wide limits, and because they are rather readily decom- 
posed by heat. Upon dilution to convenient volume-molecular 
concentrations,** these solutions became the “stock solutions” 
from which the various culture media were prepared. The 
stock solutions were stored (never longer than one month) in 
cork-stoppered glass bottles. 

Ferric phosphate (used аз a source of iron) was prepared 
from a ferric nitrate solution by precipitation with a one-fourth 
molecular solution of monopotassium phosphate. The precipi- 
tate was obtained in a finely divided condition by using cold 
solutions and by constantly stirring while the potassium salt 
was added. After thoroughly washing the precipitate, it was 
shaken with sufficient water to form а suspension containing 
approximately 0.0022 gram of ferric phosphate, or 0.0008 gram 
of iron, in each cubic centimeter. 


“The potassium chloride was the Baker and Adamson Chemical Com- 
pany’s “analyzed” salt; the other salts were the J. T. Baker Chemical Com- 
‘pany’s “analyzed” salts. 

"By volume-molecular concentration is meant the number of gram 
molecules contained in each liter of solution. 
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For the preparation of the culture solutions, the required 
amount of each stock solution was drawn from a burette into 
a volumetric flask partially filled with distilled water, and the 
flask was finally filled to the mark with more water. For the 
cultures in series IV, in which culture solutions ranging from 
0.50 to 7.00 atmospheres were employed, stock culture solutions 
of 7.00 atmospheres were prepared and the less-concentrated 
culture solutions were made by proper dilution. The culture 
solutions were poured from the volumetric flasks into the culture 
jars, and two drops of the suspension of ferric phosphate were 
added to each complete solution. The culture jars were wide- 
mouthed glass bottles of 250 cubic centimeters capacity, which 
had been used for $everal years in similar experiments. 

The plants.—The wheat seeds used in these studies were sup- 
plied by the Bureau of Plant Industry of the United States 
Department of Agriculture. The variety was “Fulcaster,” C. 
I. No. 1918, grown at the Arlington Experiment Farm, Arling- 
ton, Va. іп 1915. The seeds were germinated in moist chambers 
and then transferred to a netting germinator. At the end of 
about five days, when the seedlings were from 8 to 10 centi- 
meters high, they were transferred from the germinator to the 
culture solutions. 

The internal differences between seedlings grown from the 
same stock of seed and exposed to pratically identical external 
conditions constitute a source of great difficulty in work with 
water-cultures.*> To minimize such variations, seedlings were 
selected that were as nearly alike as possible, this selection being 
made on the basis of the appearance of the seedlings. Two 
selections were made, the first when the sprouted seeds were 
transferred to the netting germinators, and the second when 
the plants were transferred to the culture jars. 

Six seedlings were used in each culture. These ‘were sup- 
ported by cotton in holes near the margin of the cork, the seed 
remnants remaining below the cork. To prevent entrance of 
light to the roots, the jars were covered with cardboard covers. 

The method of supporting the stem and leaves is important, 
because the rate of transpiration, and probably that of photosyn- 


* This has been emphasized by Stiles. Stiles, W., On the relation be- 
tween the concentration of the nutrient solution and the rate of growth 
of plants in water culture, Ann. Bot. 29 (1915) 89-96. Observations on 
the influence of aeration of the nutrient solution in water culture experi- 
ments, with some remarks on the water culture method, New Phytol. 16 
(1917) 181-197. ` 
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thesis and other processes, may be greatly modified by the way 
in which the leaves are exposed to the air. The pointed end of 
a cylindrical wooden rod (a quarter-inch dowel), 6 millimeters 
in diameter and 30 centimeters long, was set into a hole in 
the center of the cork. A loop (5 centimeters in diameter) of 
paraffined copper wire, the lower part of which was wrapped 
around the rod several times, was used to hold the plant erect.** 
As the height of the plants increased, the loop was raised on 
the rod. Care was taken to support all the plants in the same 
way. 

The same aérial conditions were secured for all the cultures 
in а series by rotating the cultures near the margins of the cir- 
cular tables described by Shive. Each of the cultures was thus 
exposed to approximately the same changes in light, temper- 
ature, and humidity conditions. 

The frequency with which the culture solutions are renewed 
is very important in experiments with solution cultures. The 
solutions here used were changed every four days. Thus the 
period between changing is not strictly comparable with that 
used by Shive and by Tottingham, each of whom employed a 
three-day period. When the solutions were changed the decrease 
in volume of the solution during the previous period was meas- 
. ured, and the amount of solution found to have been removed 
was taken as an approximate measure of the amount of water 
absorbed and transpired during the period. 

The developmental stage of the plants probably has an im- 
portant bearing on their salt requirements.** The present study. 
is concerned only with the early vegetative stage of the young 
wheat plants. When transferred from the germinators to the 


"For photograph see McCall, A. G., A new method for the study of 
plant nutrients in sand cultures, Journ. Amer. Soc. Agron. 7 (1915) 
250-252. 

" Тгееазе, S. F., and Free, Е. E., The effect of renewal of the culture 
solutions on the growth of young wheat plants in water-cultures, Johns 
Hopkins Univ. Circ. N. S. No. 3 (March, 1917) 227 and 228. Merrill, M. C., 
Some relations of plants to distilled water and certain dilute toxic sub- 
stances, Ann. Missouri Bot. Gard. 2 (1915) 459-606. Stiles, W., On the 
interpretation of the results of water culture experiments, Ann. Bot. 30 
(1916) 427-436. Brenchley, W. E., The effect of the concentration of the 
nutrient solution on the growth of barley and wheat in water cultures, Апп. 
Bot. 30 (1916) 77—90. 

* Pember, Е. В., Studies by means of both pot and solution cultures of 
the phosphorous and potassium. requirements of the barley plant during 
its different periods of growth, Bull. Agric. Exp. Sta. Rhode Island State 
College 169 (1917) 1-50. 
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eulture solutions the plants were about five days old. They were 
grown in the culture solutions, renewed every four days, for 
twenty-four days, except in the case of series III and IV in which 
the growth period was extended to thirty-two days. 

At the end of the growth period the plants were harvested 
for the determination of their dry weight. Notes were made 
at this time of the appearance of the tops and roots, special 
attention being given to apparent pathological conditions that 
might indicate injury from unbalanced salt nutrition. The 
tops and roots were harvested separately, the roots being severed 
from the tops at the point of attachment of the seed.* The 
tops and roots were dried separately for about two days, at a 
temperature of 102—105? C., to approximately constant weight, 
and the dry weights were then determined. 

The experiments were conducted in one of the greenhouse 
rooms of the Laboratory of Plant Physiology, on the outskirts 
of the city of Baltimore. The evaporating power of the air 
for the period of each experiment was determined by means 
of Livingston white spherical porous-cup atmometers,” one of 
the instruments being operated on each of the rotating tables. 
The atmometer bottle was placed 10 centimeters from the center 
of the table, the top of the sphere being 40 centimeters above 
the table top. The atmometers were read every four days, 
when the solutions were changed. А record of fluctuations in 
temperature was obtained by means of a Richard thermograph 
placed in the shade near the plants. 


SERIES I 
METHODS OF SERIES I 


Series I was continued for twenty-four days, from January 
11 to February 4,1916. During this period the highest air tem- 
perature was 29? C., on January 26, and the lowest was 10? C., 
on January 17. The average daily maximum temperature for 
the period was 25° C., and the average daily minimum 18° C. 
The mean daily water loss from a white spherical porous-cup at- 
mometer, indicating the evaporating power of the air, was 17.2 


. = The seed-coat remnants were dried and weighed with the roots; Shive 
discarded them. А 

® Livingston, B. E., Atmometry and the porous cup atmometer, Plant 
World 18 (1915) 21-30, 51-74, 95-111, 143-149. Also reprinted, Tucson, 
Ariz. (1915). 
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cubic centimeters, and the total loss for the entire period was 
415 centimeters, ; 
The general plan of this series is similar to that employed 


‘by Tottingham. Eighty-four solutions were made from four 


salts: potassium chloride, monopotassium phosphate, calcium 
nitrate, and magnesium sulphate. In each solution the four 
Salts were so proportioned that the total concentration of each 
solution corresponded to 1.6 atmospheres of osmotic pressure 
at 25? C., and in the different solutions the proportion of each 
salt was varied by 0.1 of the total osmotic concentration of all 
salts. The lowest concentration of any salt was thus 0.1 of the 
total concentration and the greatest 0.7. АП of the possible dif- 
ferent proportions were used that could be produced by these 
variations. Thus, there were eighty-four different solutions in 
this series, all of which had approximately the same total os- 
motie concentration, but no two of which had the same set of 
salt proportions. This may be stated in another way by saying 
that all of the solutions were planned to have the same total 
number of particles (ions plus molecules) per unit volume, but 
no two solutions the same proportions of the different kinds of 
partieles. Besides the eighty-four solutions belonging in the 
series, Shive's best three-salt solution for wheat and Totting- 
ham's best four-salt solution for wheat were employed for the 
sake of comparison. 

If three salts had been employed instead of four, the compo- 
sitions of the solutions could have been represented graphically 
by means of points placed in an equilateral triangle, the points 
being so placed that the least concentration of one salt would 
have been along one side of the triangle and the greatest at the 
opposite angle. As four salts were used, a figure representing 
their various proportions assumes the form of a regular tetra- 
hedron. In this figure each face of the tetrahedron represents 
0.1 concentration of one salt and the Opposite apex 0.7. Since 
seven proportions of each salt were employed, different concen- 
trations of the salt whose lowest concentration is represented 
by the base of the figure will fall in Seven planes. For con- 
venience of graphical presentation the planes representing 
the different concentrations of potassium chloride have been 
plotted separately (fig. 1). Since only one culture that had the 
greatest concentration of potassium ehloride was used, the plane 
which passes through the apex is represented by a point; the 
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Fic. 1. Diagram for series I, showing culture numbers and osmotic proportions of the 
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other planes are represented by triangles. The seven triangles 
in fig. 1 (numbered T1 to T7) represent as many horizontal 
planes passed through the tetrahedron and all the points upon 
any one triangle denote solutions having the same partial con- 
centration of potassium chloride. Similarly, the position of а 
point upon any one of the triangles indicates the osmotic pro- 
portions of the other three salts in the corresponding solution. 
The lines are so drawn that their intersections represent the 
salt proportions actually employed. It will be seen that there 
are twenty-eight solutions (triangle 1) that are characterized by 
having 0.1 of their total osmotic concentration due to potas- 
sium chloride, while there is but one solution (triangle 7) in 
which 0.7 is due to this salt. Each solution will be designated 
by a triple number, the first part denoting the triangle (as T2), 
the second the horizontal row of intersections in that triangle 
(as R3), and the third representing the number of the inter- 
section in the row, counted from left to right (as C2). The 
solution just described is thus named T2R3C2, and the four 
salts contribute, respectively, the following proportions of the ' 
total concentration: potassium chloride, 0.2; monopotassium 
phosphate, 0.3; calcium nitrate, 0.2; and magnesium sulphate, 
0.3. The triangle number gives the number of tenths due to 
potassium chloride, the row number gives the number of tenths 
due to monopotassium phosphate, and the culture number gives 
the number of tenths due to calcium nitrate. The number of 
tenths of the total concentration due to the fourth salt (mag- 
nesium sulphate) is found by subtracting from 10 the sum of 
the numbers appearing in the designation of the solution, 

The actual chemical composition of each of the eighty-four 
solutions in series I is given in Table 1, in terms of the volume- 
molecular partial concentrations of the four salts. The first 
column of this table gives the culture numbers of the solutions 
just described, and the last three columns give the three cation- 
ratio values of each solution, which will be referred to later. 
To obtain these concentration values, it was necessary to cal- 
culate the volume-molecular partial concentrations of each salt 
that would produce 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, and 0.7 of 1.60 
atmospheres of osmotic pressure at 25° C. The values thus 
obtained are given in Table 2. 


“For а more detailed discussion of the interpretation of this kind of 
diagram, Tottingham's paper may be referred to. 
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TABLE 1.—Partial concentrations of potassium chloride, monopotassium 
phosphate, calcium nitrate, and magnesium sulphate in each of the solu- 
tions employed in series Г; also the values of the three cation ratios; 
total osmotic value of each solution, 1.60 atmospheres. 


Volume-molecular concentration, Cation-ratio value. 


Culture No. j 
KCl [KH2PO«) (Noiz, | MgSO«. Mg/Ca. Mg/K. | Ca/K. 


ра 


м. M. M. 
0.0038 0.0023 0.0309 13.43 4.68 | 0.85 
0. 0033 0. 0047 0.0261 6.65 3.95 | 0.71 
0.0033 0.0072 0.0216 8.00 $.27| 109 

„0.0033 0.0098 0.0171 175 2.59 | 1,48 
0.0033 0.0124 0.0126 1.02 1.91! 1.88 
0.0033 0.0150 0.0081 0.64 1.23 | 2.21 
0, 0033 0.0177 0. 0038 9.21 0.58 | 2.68 
0.0068 0. 0023 0.0261 | 11.35 2.58 | 0.23 
0. 0068 0.0047 0.0216 4.60 2.14 | 0.47 
0. 0068 0.0072 0.0171 2.88 1.69; 0.71 
0. 0068 0.0098 0.0126 1.29 1.25 | 0.97 


0. 0068 0.0124 0. 0081 0.65 0.80 | 1.23 
0. 0068 0.0150 0.0038 0.25 0.88! 1.49 
0.0103 | ` 0.0023 0.0216 9.39 1.59 | 0.17 
0.0103 0.0047 0.0171 8. 64 1.26 | 0.85 
0. 0103 0.0072 0. 0126 1.15 | 0.93; 0.53 
0.0108 0. 0098 0. 0081 0. 83 0.60 | 0.72 
0.0108 0.0124 0.0038 0.31 0.28 | 0.91 
0.0138 0.0023 9.0171 1.44 1.00 | 0. 
0.0138 0. 0047 0.0126 2.68 0.74| 0.27 
0.0138 0.0072 0.0081 1.13 0.47| 0.42 
0.0138 0. 0098 0. 0038 9.39 0.22 | 0.57 
0. 0173 0.0023 0. 0126 5. 48 0.61} 0.11 
0.0173 0. 0047 0.0081 1.72 0.89 | 0.23 
0.0173 0.0072 0. 0038 0.53 0.18 | 0.85 
0.0208 0.0023 0.0081 8.62 0.34 | 0,10 
0.0208 0.0047 0. 0038 0.81 

0.0243 0. 0023 0. 0038 1.65 0.14] 0.08 
0. 0033 0. 0023 0.0261 | 11.35 2.611 0.23 
0, 0033 0. 0047 0.0216 4.60 2.16 | 0.47 
0.0033 0. 0072 0.0171 2.38 1.71 | 0.72 
0.0033 0. 0098 0.0126 1.29 1.96 | 0.98 
0.0033 0.0124 0.0081 0.65 0.81] 1.24 
0.0033 0.0150 0.0038 0.25 0.38 | 1.50 
0. 0068 0. 0023 0.0216 9.39 1.60 | 0.17 
0. 0068 0. 0047 0.0171 8.64 1271] 0.88 
0. 0068 0.0072 0.0126 1.75 0.93 | 0.63 
0. 0068 0. 0098 0. 0081 0.83 0.60} 0.78 
0. 0068 0.0124 0.0038 0.31 0.28 | 0.92 
0.0108 0.0023 0.0171 7.44 1.0 | 0.14 
0. 0108 0.0047 0.0126 2.68 0.74 ! 0.28 
0.0103 0.0072 0. 0081 1.13 0.481 0.42 
0.0103 0, 0098 0.0038 0.39 0.22 | 0.58 
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TABLE 1.—Partial concentrations of potassium chloride, monopotassium 
phosphate, calcium nitrate, and magnesium sulphate in each of the so- 
lutions employed in series I; also the values of the three cation ratios; 
total osmotic value of each solution, 1.6 atmospheres—Continued. 


Culture No. 


Volume-molecular concentration. 


Cation-ratio value. 


KCl. 


115542—2 


м. 

0.0067 
0.0067 
0.0067 
0.0067 
0.0067 
0. 0067 
0.0101 
0.0101 
0.0101 
0,0101 
0.0101 
0.0101 
0.0]01 
0.0101 
0.0101 
0.0101 
0.0101 
0,0101 
0.0101 
0.0101 
0.0101 
0.0185 
0.0135 
0.0135 
0.0135 
0.0135 
0.0135 
0.0135 
0.0135 
0.0135 
0.0135 
0,0170 
0.0170 
0.0170 
0.0170 
0.0070 
0.0170 
0.0205 
0.0205 
0. 0206 
0. 0240 


KHzPO.. 


0.0083 
0.0033 
0.0033 
0.0088 
0.0083 
0.0068 
0.0068 
0. 0068 
0. 0068 
0.0108 
0. 0103 
0.0103 
0.0138 
0.0138 
0.0173 
0. 0033 
0. 0033 
0, 0033 
0. 0033 
0.0068 
0. 0068 
0.0068 
9.0103 
0.0103 
0.0138 
0.0033 
0, 0033 
0. 0033 
0, 0068 
0, 0068 
0,0103 
0. 0033 
0. 0033 
0.0068 
0.0033 


Ca, 
(NO3)2 


MgSO«. |Mg/Ca.| Mg/K. 


5.48 
1.12 
0.58 
3.52 
0.81 
1.65 
9.39 
8.64 
1.76 
0.83 
0.31 
7.4 
2.68 
118 
0. 39 
5.48 
1.72 
0. 63 
3.62 
0.81 
1.65 
та 
2.68 
1.13 
0.39 
5.48 
1.72 
0.53 
3.52 
9.81 
1.65 
5.48 
1.72 
0.58 
3.52 
0.81 
1.66 
3.52 
0.81 
1.65 
1.65 


0.61 
0.40 
0.19 
0.34 
0.16 
0.14 
1.61 
1.28 
0.94 
0,60 
0.28 
1.01 
0-75 
0.48 
0,22 
0.62 
0. 40 
0,19 
0.84 
0.16 
0.14 
1.02 
0.75 
0.48 
0.23 
0, 62 
0.40 
0.19 
0.54 
0.16 
0.14 
0.62 
0.40 
0.19 
0.34 
0.16 
0.14 
0.84 
0.16 
0.14 
0.14 


Са/К. 


0.11 
0.23 
0.35 
0,10 
0.20 
0. 08 
0.17 
0.85 
0.54 
0.73 
0.98 
0.14 
0.28 
0.43 
0,58 
0.31 
9.23 
0.35 
0.10 
0.20 
0.08 
0.14 
0.28 
0, 48 
0.58 
0.11 
0.23 
0.35 
0.10 
0.20 
0.08 
0.11 
0.28 
0.35 
0.10 
0.20 
0.08 
0,10 
0.20 
0.08 
0,08 
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TABLE 2.—Partial concentrations of each of the four salts required to 
produce from 0.1 to 0.7 of the total osmotic concentration of 1.60 


atmospheres for series I. 


1 
Н 


Fractional 
parte of KCL | KHzPO.. | Ca(NOs)z.| MgSOs. 
mospheres. zd EN 
M. M. M. M. 
0.1 0. 0033 0.0098 0.0023 | 0, 0038 
0.2 0.0067 0. 0068 0.0047 | 0.0081 
0.3| 0.0101 0.0108 0.0072 | 0.0126 
0.4 0.0136 0.0138 0.0098 | 0.0171 
0.5 0.0170 0.0178 0.0124 | 0.0216 
0.6| 0.0205 0.0208 0.0150] 0.0261 
0.7 0.0240 0.0243 0.0177 | 0.0309 | 


The method used in these calculations may be illustrated with 
potassium chloride, the calculations for the other salts being 
made in the same way. It was first necessary to obtain certain 
physico-chemical data regarding each of the four salts dealt 
with, and these data as used for potassium chloride are given 
in Table 3. The numbers in the first column represent the 
tenths (from 0.1 to 0.7) of the total concentration of 1.60 at- 
mospheres. Those in the second column represent the corre- 
sponding actual pressures in atmospheres. According to the 
van't Hoff equation, x= СЕТ, the osmotic value (=) of any 
solution may be obtained from the concentration of the particles 
in solution (C), the gas constant (Е), and the absolute tem- 
perature (T). If the osmotic value is expressed in atmos- 
pheres, then has the value 0.08207. The osmotic values here 
used are all calculated for a temperature of 25° C. (298? Abs.), 
во. that T becomes 298, and the equation may be restated: 


7 —(298) (0.08207) C — 24.46 C. 


‘For substances which do not dissociate or polymerize or form 

< hydrates in solution the concentration, C, corresponds to the 
volume-molecular concentration, M; and the osmotic pressure 
formula becomes: т — 24.46 М. But for Salts, such as potas- 
sium chloride, which dissociate in solution into ions, C — iM; 


" The osmotie pressure equation here used must be understood to be 
only approximately true for Solutions such as are dealt with in the present 
work, It really applies only to very dilute solutions. For a good discus- 
sion of osmotic pressure equations see Washburn, E, W., Principles of Phys- 
ical Chemistry. New York (1915) 150-164. Also see Renner, O., Ueber 
die Berechnung des osmotischen Druckes, Biol, Centralbl. 32 (1912) 
486-504, 
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in this equation i is the van't Hoff coefficient (or “mole-num- 
ber"), which may be defined as the quotient of the number of 
particles actually present in the solution, divided by the number 
that would be present in an equal volume-molecular concentra- 
tion of a substance that is unmodified in solution. Consequently, 
for salts the osmotic pressure formula becomes: т = 24.46 iM. 
For un-ionized substances $ is unity, and for ionized substances 
such as salts 4 has a value greater than unity. The equation may 
be written in the form: 
т 


2446 


By substituting for т in this equation each of the partial 
osmotie pressures from the second column of Table 3, the cor- 
responding values of iM were obtained, and these are given in the 
fourth column. They represent the osmotic concentrations which 
are necessary to give the corresponding partial osmotic pressures 
given in the second column. | 


iM = 


TABLE 8.—Data used in calculuting the partial concentrations (column ИТ) 
of potassium chloride required to give from 0.1 to 0.7 of the total os- 
motic concentration of 1.60 atmospheres, for series I. 


е2 1. | п. ш. IV. v. VI. 
actional “ 
Volume- Mole- 
ратно? | Partial os- | molecular | Degree of | number,” | Con calcu- 
on- | motic pres- concentra- | г ё еб or van't 
centration aures, tion of | ЮРА, | Hof coef- lated from 
(L 60 atmo- KC]. ficient, +, CM. 


gpheres). 


1 The values in italies have been obtained from Noyes and Falk. 

* From Noyes and Falk. 

< This is the van't Hoff coefficient. It is obtained from the relation i=1+(n—1) e. For 
non-electrolytes its value is 1, 


It was next necessary to caleulate the volume-molecular con- 
centrations (M) of potassium chloride that correspond to these 
values of iM. То do this an indirect method is required. If 
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the degree of dissociation of a salt is known for a given volume- 
molecular concentration, M, the particulate concentration, iM, 
may be calculated by means of the equation: 

iM = 1 + (n—1) aM. 

In this equation n is the number of ions formed when a molecule 
of the salt is dissociated, and а (given just below) is the degree 
of ionization, or the fraction of the whole number of molecules 
that dissociates at a given concentration. For potassium chlor- 
ide п has a value of 2, and the equation becomes: 

iM = (1 + a) M. 

Values for the degree of ionization a of potassium chloride 
were obtained from Noyes and Falk's compilation, based upon 
determinations of the conductance ratio. The volume-molecular 
concentrations (M) and the corresponding values of a are the ital- 
icized values given in the third and fourth columns, respectively. 
The corresponding values of iM for this salt, calculated by means 
of the last-mentioned formula, are the italicized values in the 
Sixth column. Each of these italicized values in the sixth column 
represents the calculated osmotic concentration (iM), correspond- 
ing to a known volume-molecular concentration (M) of potas- 
sium chloride. | 

Аз has been explained, each of the values in roman type in 
the sixth column represents an osmotic concentration (iM) corre- 
sponding to an unknown volume-molecular concentration (M). 
These unknown values have been caleulated by interpolation 
between the italicized values in the third column, assuming a 
linear relationship. The formula ** used for this interpolation 
was the following: 

М = М iM) — GM) MM ___, 
ick Ц Jo 6M)1] GM). — GM), 

In this equation the two given values of M are M, and M,, 
the two given values of iM are (iM), and (iM),, and the values 
to be interpolated are M, and (iM),, the value for (iM), being 
derived from the formula: 

. т 
(iM) о == "RT 
as described above. 


" OQ A. A, ал Falk, К. G., The properties of salt solutions in rela- 

lon to the ionic theory. III. Electrical conductance, Journ. Am. Ch 

Soc. 34 (1912) 474 and 475. : oa 
“See Ashton, C. H. Analytic Geometry. New York (1908) 35. 
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The interpolated values thus obtained for M, are inserted in 
roman type in the third column of the same table, and each of 
these is taken as the volume-molecular concentration of potassium 
chloride required to produce the corresponding partial osmotic 
pressure given in the second column. It will be seen that only 
these interpolated values were actually employed in making up 
the solutions. These are the values given in the second column 
of Table 2. 

Similar calculations were made for each of the other three 
salts. The degrees of dissociation for calcium nitrate and mag- 
nesium sulphate were taken from Noyes and Falk, while those 
for monopotassium phosphate were obtained from Abbott and 
Bray.5 The data used in making the calculations for these 
three salts will not be given here, but the final interpolated values 
are given in the last three columns of Table 2. 

Many of the solutions used in this set were subjected to freez- 
ing-point determinations by the Beckmann method, in the same 
way that Shive + tested the total concentrations of Tottingham’s 
and his own solutions. lt was found that the lowering of the 
freezing point (A) for the solutions of this series varied from 
about 0.11? to 0.13*, Calculating the osmotic values correspond- 
ing to these limits, it appears that these values (for 25° C.) 
varied from about 1.50 to about 1.70 atmospheres. The error 
' in the osmotic value here introduced may be considered as 
negligible in this kind of work, for it will be recalled that 
those solutions were calculated to have an osmotic value of 1.60 
atmospheres. : 

RESULTS OF SERIES I 


Appearance of plants.—During the early part of the twenty- 
four-day period of series I most of tbe cultures were alike in 
appearance, although root development was noticeably retarded 
in some of the cultures as early as the time of the first renewal 
of solution. These injured cultures were the ones in solutions 


* Abbott, G. А., and Bray, W. C., The ionization relations of ortho- and 
pyrophosphorie acids and their sodium salts, Journ, Am, Chem. Soc. 31 
(1909) 729-763. 

“Shive, J. W., The freezing points of Tottingham's nutrient solutions, 
Plant World 17 (1914) 345—358. Also, see Shive, J. W., Am. Journ. Bot. 
2 (1915) 157-160, 

“The following approximate formula was used for this calculation: 

298 


т 25° = 273 12.06 A = 13.164 A. 
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having high partial concentrations of magnesium sulphate, es- 
pecially cultures TIR1C1 and T2R1C1. Growth, however, did 
not cease in these injured cultures, for the plants continued 
to enlarge slowly throughout the period. The solutions con- 
taining less magnesium sulphate produced much better growth 
and gave the most healthy appearing plants when the series was 
discontinued. During the latter part of the period these better 
cultures were seen to have much longer lateral roots and their 
tops were lighter green in color and noticeably larger than in 
the injured cultures. : ` 

Rather pronounced differences in the color of the plants in 
different cultures were apparent at the time of harvesting. The 
color ranged from a very deep shade of green to a light yellow- 
ish green. The plants in the cultures along the left-hand mar- 
gins of triangle 1 and triangle 2 (fig. 1) were darkest green, 
while those along the right-hand margins of triangles 4, 5, and 
6, and the culture of triangle 7 were the most chlorotic. In 
general the depth of green decreased in passing from left 
to right in the triangles and in passing in the tetrahedron from 
triangle 1 to triangle 7. The largest tops were intermediate in 
color. Another morphological difference that appeared was a 
drying and bleaching of the tissue between the main veins, in 
some cultures resulting in longitudinal stripping of the leaves. 
This condition was limited to the cultures in solutions with low 
monopotassium phosphate content, especially rows 1, 2, and 3 
of triangles 1 and 2. 

А very similar symptom was observed by Tottingham in sev- 
eral of his four-salt solutions having an osmotic concentration 
of 8.15 atmospheres. This symptom was found in cultures 
having a high content of monopotassium phosphate, a maximum 
Content of potassium nitrate, and approximately equal contents 
of caleium nitrate and magnesium sulphate. А thickening of 
the base of the stem with branching from the same region 
(perhaps equivalent to the “stooling” of wheat in the field) 
appeared in those cultures where root injury was most pro- 
nounced. ‘Such branching of the wheat plant occurs normally 
in the field when the plants are considerably older than these 
plants were. It is suggested that those solutions which were 
unfavorable to root development also brought about symptoms 
of an earlier maturation of the plant. 

The most pronounced morphological modification of the leaves 
appeared to be similar to that described by Tottingham as mag- 
nesium injury; this modification was also observed by Shive. 
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This form of leaf injury, which appeared in a few of the 
plants after about twelve days in the culture solutions and 
in more of them at the time of harvest, was characteristic of 
those cultures whose solutions had high ratios of magnesium 
sulphate to calcium nitrate. The two degrees of this injury, 
described by Shive as severe and as slight, were observed in 
this series and their distribution on the diagram is shown in 
fig. 2. In recording the occurrence of these two degrees of 
injury, when a spiral coiling was formed or the whole leaf was 
affected, the injury was considered severe; when no spiral was 
formed and not the whole leaf was affected, the injury was 
considered slight. In fig. 2 the cultures marked with crosses 
showed severe injury, and those marked with circles slight 
injury. The number of leaves injured, in the entire culture 
of six plants, is shown by the numeral placed near the point | 
of the diagram. 

Dry weights.—Since the roots and tops were weighed sepa- 
rately, two dry-weight data were obtained for each culture. The 
sum of these two weights, of course, gives the total dry weight 
of the plants in the cultures, but since this sum is generally 
controlled in its variation by the dry weight of tops, only the 
separate data for tops and for roots will be considered. 

These data are presented in Table 4, in which the first column 
' gives the culture number; the second, the data for tops; and 
the third, the data for roots. The dry weights are expressed 
as relative numbers, in terms of the value for the highest actual 
dry weight considered as 100. The actual dry weight for this 
culture is given in parentheses below the value 100. The actual 
dry weights may be obtained by means of this value. 

High yields are indicated in the table by the letter H and 
low by the letter Г. The method of defining high and low 
yields is as follows: The twenty-one cultures (one-fourth of 
the total number) giving highest yields are marked H, and the 
twenty-one giving lowest values are marked L. The remain- 
ing forty-two cultures (half of the total number) are considered 
as medium, excepting those which are numerically the same as 
the lowest of the “high” group which are marked H, and those 
which are the same as the highest of the "low" group which 
are marked L. The highest yield obtained in the series is 
indicated by gothic type, and the lowest by italics. The average 
relative yields obtained with Shive's and with Tottingham's best 
solutions, employed as controls in this series, are given at the 
bottom of the table, for comparison. 
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TABLE 4.—Relative dry weights of tops and roots of wheat; also, water- 
absorption data, and the amount of water absorbed for each gram of 
yield of tops and of roots (water requirement), relative to the highest 
as 100; for series I, conducted from January 11 to February 4, 1916. 


Dry weight. 
Culture No. 


Tope Roots 
(6 plants).| (6 plants). 


60L 
631, 
70 
58L 
54L 
55L 
80H 
67 
69 
60L 
66 
651, 
80H 
63L 
631, 


Water 
absorption, 


Water requirement. 


Tops. 


80L 
94H 


Roots. 


66L 
88 
95H 
98H 
99H 
96H 
“L 
82 
82 
97H 
91H 
86 
TZL 
80 
87 
89H 
93H 
"L 
84 
2H 
88 
81 
81 
92H 
81 
90H 
92H 
98H 
TL 
90H 
100H 
(2058) 
95H 
88 
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TABLE 4.—Relative dry weights of tops and roots of wheat; also, water- 
absorption data, and the amount of water absorbed for each gram of 
yield of tops and of roots (water requirement), relative to the highest 
as 100; for series I, conducted. from January 11 to February 4, 1916— 
Continued. 


Dry weight. Water requirement, 
Water RECEN 5 ее : 
Culture No, à absorption. Ц 


Topa Roots 
(6 planta), | (6 plants). f | 


C761) |----.--.---- 344) |а|. 
94H 


RACL 
T6R1C1 


АЗ ee — 5 > 
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The yield data of Table 4 are presented graphically in fig. 1 
(tops) and fig. 8 (roots). On these diagrams areas of high yields 
(H) are marked with small crosses, and those of low yields (L) 
are marked with small circles. The highest value in each case 
is shown by a large cross, and the lowest, by a large circle. 

Water absorption.—The total amount of water absorbed by 
each eulture was obtained by adding together the partial quan- 
tities recorded at the several changes of the solution. The sums 
thus obtained (relative to the greatest one) are shown in the 
fourth column of Table 4. Following the method employed for 
dry-weight data, the cultures giving high and low values are 
indicated by the letters H and L, respectively. The highest 
water-absorption value is indicated by gothic type and the lowest 
by italics. : 

Water requirement.—The amounts of water absorbed per unit 
of dry weight of tops and of roots were calculated for each 
culture. This ratio value is practically what has been termed the 
water requirement, and this term will be employed in this paper.** 
The last two columns of Table 4 present these data. The letters 
H and L are employed as heretofore, the highest value being 
again indicated by gothic type and the lowest by italics. 


DISCUSSION OF SERIES I 


Appearance of plants.—As has been mentioned, the plants 
appeared greener in color with solutions having higher partial 
concentrations of magnesium sulphate, which suggests a direct 
relation between the color and the amount of magnesium present 
in the cells. Furthermore, the color was more intense in the 
cultures having low partial concentrations of potassium chloride, 
or in those cultures in which the other three salts were present 
in relatively large amounts. The cultures with high partial 
concentrations of potassium chloride may be considered as those 
in which the plants were deprived in a large measure of the 
essential elements, excepting potassium. 

Striping of the leaves occurred, as already described, with | 
solutions having comparatively low potassium chloride values 
and very low monopotassium phosphate values. 


* Briggs, L. J., and Shantz, H. L., Тһе water-requirement of plants., II. 
A review of the literature, Bull. U. S. Dept. Agric., Bur. Pl. Ind. (1913) 
285. Since practically all the water absorbed by such plants as those of 
the present experiments is given off by transpiration, the water-absorp- 
tion data represent total transpiration. 
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Severe magnesium injury, pronounced root modifications, and 
the phenomenon resembling “stooling” were all clearly confined 
to solutions in which the ratio of magnesium to calcium lay 
between the limits 1.65 and 13.43; that is, in which the amount 
of magnesium sulphate was relatively high as compared with 
the amount of calcium nitrate. Of the remaining solutions, 
those in which the Mg/Ca-ratio value lay between the limits 
0.81 and 3.64 showed slight magnesium injury. This form of 
injury in general was confined to the range of the ratio values 
from 0.81 to 13.43, and entire freedom from injury was shown 
in the cultures which had ratio values within the very narrow 
range from 0.21 to 0.81. 

Shive found that when his three-salt solution had an osmotic 
value of 1.75 atmospheres the plants were free from magnesium 
injury with Mg/Ca-values of less than 1.5; and when the osmotic 
value was 4.00 atmospheres this limit occurred with the ratio 
value 2.2. From Tottingham’s data it appears that no injury 
occurred with ratio values below 0.40, when the total osmotic 
value was 2.50 atmospheres; or below 0.28, when that value 
was approximately 8.00 atmospheres. This limiting value of the 
ratio Mg/Ca is thus seen to vary considerably according to the 
kinds of salts used, the salt proportions, and the total concen- 
tration of the solution. It may be added, however, that no 
case has been observed in the experimental studies here con- 
sidered in which freedom from magnesium injury occurred with 
а ratio having a higher value than 2.90, except with solutions 
of very low total concentration where, Shive and Tottingham 
agree, none of this injury occurs at all with any value of this 
ratio. 

Dry weights.—Inspection of the tetrahedral diagram of fig. 
1 shows that the highest dry yield of tops was obtained in 
culture T2R4C2, having volume-molecular partial concentrations 
of the four salts as follows: 0.0067 M potassium chloride, 
0.0138 M monopotassium phosphate, 0.0047 M calcium nitrate, 
and 0.0081 M magnesium sulphate. Lowest dry yield of tops 
(60 per cent of the highest) occurred in culture T1R1C1, having 
volume-molecular partial concentrations of the salts as follows: 
0.0033 M potassium chloride; 0.0033 М monopotassium phos- 
phate; 0.0023 M calcium nitrate; and 0.0309 M magnesium sul- 
phate. The areas of low yields of tops occur in all triangles 
along the left-hand margins, corresponding to regions charac- 
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terized by low partial concentrations of calcium nitrate and 
high partial concentrations of magnesium sulphate. 

The highest actual dry weights of tops obtained from these 
twenty-four-day cultures was 0.761 gram, and the lowest was 
0.457 gram. The average dry yields of tops from three cultures 
each of Shive's and Tottingham's best solutions for wheat were 
0.684 and 0.714 gram, respectively. It, therefore, appears that 
all three of these best solutions may be expected to give about 
the same yield of tops for wheat plants of this variety grown for 
twenty-four days under the general aérial conditions met with 
in the present series. 

A few other points bearing on the top yields of this series 
will be mentioned in the discussion of series II. 

With reference to root yields, the maximum dry weight was 
obtained in culture T3R3C3. In a general way, the areas of 
high and low root yields on the diagram (fig. 3) agree with 
the corresponding areas for top yields (fig. 1). The general 
truth of this statement is especially worthy of emphasis, because 
its opposite was true for the series of Shive and of Tottingham. 
It is possible that the addition of potassium chloride to the 
Shive three-salt solution resulted in altering in a fundamental 
way the relation between top yields and root yields. 

Water absorption.—Greatest water absorption occurred with 
two cultures, T2R4C2, which also gave highest top yields, and 
culture T3R3C3, the latter culture having the following partial 
concentrations: 0.0101 M potassium chloride, 0.0103 M mono- 
potassium phosphate, 0.0072 M calcium nitrate, and 0.0038 M 
magnesium sulphate. The lowest amount of water absorption 
occurred in culture T1R1C1, which also gave the lowest top 
yield and very low root yields. This very small water absorp- 
tion appears undoubtedly related to the stunted tops and poor 
root development previously mentioned. 

Triangular diagrams for water absorption (which is prac- 
tically a measure of transpiration) have been omitted in the 
publieation of this paper. But a comparison of such diagrams 
with those of figs. 1 and 8 (dry weights of tops and of roots, 
respectively) has shown that, in а very general way, the regions 
for high absorption correspond to those for high top and high 
root yields, all three occupying the areas of the triangles char- 
acterized by medium proportions of caleium and magnesium, 
and medium and low proportions of potassium chloride. This 
comparison has also shown that the areas of low water absorp- 
tion generally correspond to areas of low top and root yields, 
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these low areas lying in the lower left-hand corners of the 
triangles, denoting solutions having high proportions of mag- 
nesium sulphate, and low proportions of calcium nitrate and 
monopotassium phosphate. The general proportionality be- 
tween the transpiration and the dry yield reported by other 
workers was thus observed in these experiments. This rela- 
tion is of course to be expected, since the ability of a particular 
set of plants to transpire depends principally upon the leaf 
surface of the plants; this is measured approximately by their 
dry weight, and the amount of water absorbed is a measure of 
their transpiration.” 

Water requirement.—The highest water requirement for tops 
(Table 4) was found to be that for culture T6R1C1, having 0.6 
of its total osmotic concentration due to potassium chloride. 
Three quite different cultures showed the lowest water require- 
ment for tops. These were cultures T1R5C2, T2R2C2, and 
T2R4C3. There is very little in common between these cultures, 
as regards the proportions of the salts. Triangular diagrams, 
omitted in this publication, have shown that areas of high water 
requirements for tops occur in all of the triangles; that is, with 
all proportions of potassium chloride tested. These areas lie 
in almost all cases along the lower margins of the triangles, 
and are thus restricted to cultures having very low partial con- 
centrations of monopotassium phosphate. On the other hand, 
low water requirements are in general associated with high 
relative proportions of monopotassium phosphate. In a very 
general way, solutions which gave high water requirements of 
tops also gave high top yields and, conversely, those which gave 
low water requirements gave low top yields. No relation is 
apparent between high water requirement of tops and either 
water absorption or root yields. 

Turning now to water requirement of roots, it is seen that 
culture T2R1C3 showed the highest value, while culture T1R1C1 
showed the lowest value. High values were not found in this 
series for solutions having more than 0.4 of their total concentra- 
tion due to potassium chloride. There is no evident general cor- 
relation between either high or low values and the proportions 
of the various nutrient salts. А comparison of the triangular 
diagrams, representing water requirement of roots, with fig, 8 
has shown that there is a suggestion of an inverse relationship 


“ Livingston, B. E., Relation of transpiration to growth in wheat, Bot. 
Gaz. 40 (1905) 178-195. 
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between the water requirement of roots and the dry weight of 
roots. Likewise, there is, in the present results, a tendency for 
the water requirement of roots to be inversely related to water 
absorption. There appears to be little or no relationship between 
the water requirement of roots and either the dry weight or the 
water requirement of tops. 


SERIES II 
METHODS OF SERIES II 


This series was conducted for twenty-four days, from Feb- 
ruary 12 to March 7, 1916. "The highest temperature recorded 
during this period was 28° C. (February 14, 22, 28) and the 
lowest was 10° C. (February 13). The average daily maximum 
temperature for the period was 25°, and the average daily mini- 
mum was 16? C. The corrected water loss from the spherical 
porous-cup atmometer showed a daily mean of 17.5 cubic centi- 
meters and a total loss of 241 cubic centimeters for the entire 
period. This series was carried out in duplicate, so that there 
were two simultaneous cultures of six plants each for each of 
the sets of salt proportions tested. 

The plan of this series was similar to that followed for series 
I. The same four salts were employed and the solutions also 
had the same total osmotic concentration (1.60 atmospheres) 
as before. In series II it was planned to cover the range of salt 
proportions used in series I without repeating all of the cultures. 
Forty selected solutions were used. "Their composition may. be 
represented by the same kind of diagrams as were used for 
series I. The numbers and positions upon the diagram of these 
selected solutions are shown in fig. 4, the culture solutions here 
used being represented by dots. It will be seen that solutions 
from all of the triangles are included. The method of desig- 
nation is the same as in series I, but fractional numbers must 
be used to designate solutions which do not fall upon the points 
of intersection of the lines. In solution T2R43C143, for exam- 
ple, the four salts contribute the following portions of the total 
osmotic concentration: Potassium chloride, 0.2; monopotassium 
phosphate, 0.48; calcium nitrate, 0.12; and magnesium sulphate, 
0.18. For comparison, Shive's best three-salt solution for wheat 
and Tottingham's best four-salt solution were again used. 
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TABLE 5.—Partial concentrations of potassium chloride, monopotassium 
phosphate, calcium nitrate, and magnesium sulphate in each of the 
solutions employed in series II; also, the values of the three cation 
ratios; total osmotic value of each solution, 1.60 atmospheres. 


Volume-molecular concentration. Cation-ratio value. 


Culture No, 
KCl |KH2PO«|Ca(NO22| MgSOs. |Mg/Ca. Mg/K.| Ca/K. 


" 


TIRICL ............—.. MR t. 0.0088 | 0.0088 | 0.0023 | 0.0309 | 13.43 | 4.68] 0.35 
0.0083 | 0.0098 | 0.0171 | 1,75] 259} 1.48 
0.0083 | 0.0117 |. 0.0038 | 0.21] 0.58) 2.68 
9.0068 | 0.0047 | 0.0216 | 4.60| 2.14| 0.47 
0.0068 | 0.0124 | 0.0081 | 0.65| 0.80 | 1.28 
0.0108 | 0.0072 | 0.01261 1,15| 0.93) 0.53 
0.0138 | 0.0028 | 0.0171 | 7.44] 1.00) 0.18 
тїнбї 0.0138 | 0.0098] 0.0038 | 0.39] 0,22] 0.57 
TIRSC2 0.0112 | 0.0047! 0.0081 | 1.972] 0.39! 0.23 
0.0243! 0.0023 | 0.0038 | 1.65] 0.14 | 0.08 


0.0083 0.0023 0.0261 | 11.35 2.611 0,28 
0.0033 0.0085 0.0149 1.15 149| 0.85 
0.0083 0.0150 0. 0038 0.25 | 0.88 1 1.50 
- 0.0056 0.0039 0.0201 5.15 1.63 | 0.82 
0.0056 | 0.0115 0.0067 0.58 0.54 | 0.93 
0.0091 0.0064 0.0111 1.13 0.70 | 0.41 
0.0121 0.0023 0.0149 6.48 0.79 | 0.12 
0.0121 0.0085 0. 0038 0.45 9.20] 0.45 
0.0161 | 0.0039 0.0067 1.72 0.291 0.17 
0.0208 | 0.0023 0.0038 1.65 0:14 | 0.08 


0.0033 0.0023 0.0216 9.39 1.61 | 0.17 
0,0033 0.0072 0.0126 1.15 0.94 | 0.54 
0.0033 0.0124 0.0038 0.31 0.28 | 0.93 
-| 0.0101 0.0056 0.0039 0.0156 4,00 0.99 | 0.25 
0.0101 0. 0056 0. 0089 0.0067 0.15 0.43 | 0.57 
0.0101 0.0080 0.0055 0.0096 1.75 0.58 | 0.80 
0.0101.| 0.0108 0.0023 0.0126 5.48 0.62 | 0.11 
0.0101 0.0108 0.0072 0. 0038 0.53 0.19 | 0.35 
0.0101 0.0126 0.0039 0.0067 1.72 0.30 | 0.17 
0.0101 0.0173 0.0028 0. 0038 1.65 0.14 | 0.08 


0.0135 | 0.0033} 0.0028 | 0.0171! 7.44) 1.02] ом 
0.0135 | 0.0033 | 0.0098 | 0.0088 | 0.39 | 0.23 | 0.58 


TSR14C19 
T3RI4C3Ę - 
T3R23C24 
T3R3C1 
T8R3C3 . 
T3R33C13 


T4R2C2 .......... 0.0135 0, 0068 0.0047 0.0081 1.72 0.40] 0.23 
T4R4CI 0.0138 0.0023 0.0038 1.65 0.14 | 0.08 
TSRICI --- 0. 0033 0.0023 0. 0126 5.48 0.62 | 0.11 
T5RI1CS .... 0. 0033 0. 0072 0.0038 0.53 0.19 | 0.85 
TSR1$CM .. 9.0170 0. 0056 0.0039 0.0067 1.72 0.80 | 0.17 


0.0103 0.0023 | 0.0038 1.65 | 0.14| 0,08 
0.0045 0.0031 0.0052 1.68 0,21 se. | 


0.0033 0.0023 0.0088 165; 0.14] 0.08 
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The chemical composition of each of the forty solutions in 
series II is shown in Table 5, which corresponds in arrange- 
ment to Table 1. The calculation for this series followed the 
general method employed in series I and resulted in the partial 
molecular concentrations given in Table 6, which were used 
directly in the preparation of Table 5. 


TABLE 6.—Partial concentration of each of the four salts required to pro- 
duce from 0.1 to 0.7 of the total osmotic concentration of 1.60 atmos- 


pheres; for series 11. 


Fractional Salt, | 
parts of E РЕЗЕКНЕ, 
1.60 atmos- | 
pheres. KCL KH2PO«. | Ca(NOs)2.) MgSO, 
M. M. M. M. 
0.1 0. 0033 0.0033 0.0023 | 0.0088 
0.14. 0. 0045 0.0081 0.0052 
0:11 | 0. 0056 0.0039 0. 0067 
0.2 0.0067 0. 0068 0.0047 0, 0081 
[07 АРЬЕ 0. 0080 0. 0055 0. 0096 
0:21:12, reus 0.0091 0.0064 0.0111 
0.3 0.0103 0. 0072 0.0126 
аи 0.0121 0, 0085 0.0149 
0.84 | |. Lus. 0.0126 0.0089 0. 0156 
0.4 0.0138 0, 0098 0.0171 
ГТ РБИЕ 0.0161 0.0115 0.0201 
0.5 | 0.0170 0.0173 0.0124 0.0216 
0.6 | 0.0205 0.0208 0.0150 | 0.0261 
aT; 0.0240 0. 0243 06.0177; 0. ө | 


RESULTS OF SERIES H 


Appearance of plants.—Root and top development took place 
in a way very similar to that described for the preceding series. 
The various differences in the appearance of the plants described 
as occurring in series I were observed in the present series to 
about the same degree with reference to the range of salt pro- 
portions. The distribution of the two forms of magnesium in- 
jury in this series is shown by the diagrams of fig. 5, which 
is to be interpreted like fig. 2. 

Dry weights.—The dry weight data for this series are shown 
in Table 7, in which the various items are arranged as in Table 
4, excepting that in the present case the actual values corre- 

~ sponding to the two duplicate cultures are given, followed by 
the relative average. Thus these relative average weights cor- 
respond to the relative weights given in Table 4. The letters 
H and L are used in the same way as in the preceding series, 
but it will of course be noted that the "high" and the "low" 
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Fic. 4. Diagram for series II, showing culture numbers and osmotie proportions of the 
four salts. 
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Fic. 6. Diagram for series II, showing relative dry weights of wheat roots. 
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groups here primarily include ten cultures each, instead of 
twenty-one as in the other case. The relative average yields 
simultaneously obtained with Shive’s and with Tottingham’s 
best solutions are again given at the bottom of the table. The 
data of Table 7 are shown diagrammatically in fig. 4 (tops) 
and fig. 6 (roots), in which the method of plotting is the same 
as that for series I (figs. 1 and 3.) 

Water absorption.—The data of the total water absorption 
for each of the cultures in this series are shown in Table 8, 
where arrangement and notation are the same as heretofore 
followed, 

Water requirement.—The relative average values for the 
amounts of water absorbed per unit of dry weight of tops and 
of roots are also presented in Table 8. 


DISCUSSION OF SERIES II 


Appearance of plants.—The appearance of the plants and the 
occurrence of magnesium injury were practically the same as 
in series I, and these features need not be discussed in detail. 

Dry weights.—The distribution of the high and low values of 
top yields on the diagram for this series (fig. 4) agrees in 
general with the distribution of these values for series I (fig. 
1). The highest yields of tops for series II was 0.804 gram for 
culture T2R4$C1$, which had virtually the same salt propor- 
tions as the one giving the highest yield in series I (T2R4C2). 
Culture TIR1C1 gave the lowest top yield in series I and in 
both the duplicates of series II. "The lowest yields for the two 
duplicates of series II were 0.573 and 0.529 gram (an average 
of 69 per cent of the highest), while the corresponding lowest 
yield for series I (carried out earlier in the winter) was 0.457 
gram. In a similar way, the two duplicates giving the highest 
yield in series II (culture T2RA2C13) were 0.804 and 0.803 
gram, while the highest yield from series I (culture T2R4C2) 
was 0.761 gram. This suggests that the aérial conditions for 
the two series were such as to give a somewhat higher yield 
of tops in the second series. The average top yield for four 
parallel cultures of Shive’s best solution was 0.801 gram, prac- 
tically the same as the best yield from the series with chloride. 
This value was also markedly higher than the corresponding 
value (0.684 gram) for the Shive solution in series I. A sim- ` 
ilar, though less pronounced, difference between the average top 
yields for Tottingham's solution in series I (0.714 gram) and 
in series П (0.751 gram) may be noticed. Аз far as these 
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data go, it appears that Tottingham's best solution gave a some- 
what higher top yield than did Shive's in series I, while this 
relation was reversed in series П. On the whole, however, the 
best three salt proportions seem to be about the same in their 
ability to produce dry top yields under the aérial conditions of 
both these series. 

As has been said, the salts used in the present study are the 
same as those of the solution that has come to be known as 
Detmer's solution. This contains the four salts in the follow- 
ing proportions: 0.0130 M caleium nitrate, 0.0039 M monopotas- 
sium phosphate, 0.0044 M magnesium sulphate, and 0.0072 M 
potassium chloride. These exact proportions were not tested in 
the present work, but there were two solutions, in both series I 
and series II, the proportions of which closely resembled those 
used by Detmer. These were T2R1C6 and T3R1C5. These two 
solutions resembling Detmer's gave only 81 and 85 per cent of the 
top yield obtained with the best proportions in series I (solution _ 
T2R4C2); and these same solutions gave only 77 and 81 per 
cent of the top yields obtained with the best proportions in 
series П (solution T2R42C1%). In series Т, at least thirty of the 
eighty-four solutions tested gave higher yields of tops than were 
obtained with the solutions closely resembling Detmer's in salt 
proportions. An even more marked improvement over the 
growth obtained with Detmer's exact proportions is reported by 
Shive for his best three-salt solution which, as has been men- 
tioned, gave practically the same yield as did the best four-salt 
solution used in this study. | 

Regarding the production of root yields, the same generaliza- 
tions appear to hold for series II as were stated for series I; 
and the general correspondence between high and low root areas, 
on the one hand, and between high and low top areas, on the 
other hand, seems to be more definite in the latter series. The 
salt proportions giving the lowest root yields were the same in 
both series (ТІК1С1), and these same proportions also gave 
lowest top yields in both. In series II the highest root yield 
occurred in culture T2R34C31, which had nearly the same salt 
proportions as the culture giving highest root yields in series 
I (ТЗЕЗСЗ). 


* Detmer, W., Practical Plant Physiology. Translated by S. A. Moor. 
London (1898) 2. 
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| i ights of tops and roots of 
TABLE 7.—Actual and relative average dry weig. 
wheat; for series Il, conducted from February 12 to March 7, 1916. 


Tops (6 plants). | Roots (6 plants). 
Culture Мо, А. B, |Ауегаве, T B, Average, 
actual, | actual. | relative. | actual. | actual. | relative. 
0.513 0.529 691, 0.175 0.176 561, 
0.699 0.658 84 0.244 0.218 74 
0. 586 0.621 TL 0.264 0.307 91H 
0. 728 0.685 88 0.223 0.212 691, 
0.690 0.644 83 0.253 0.217 80H 
0.732 0. 783 91 0.224 0.231 з 
0.710 0. 673 86 0.221 0.213 691, 
` 0.667 0.748]. 88 0.256 0.305 89H 
0.783 0.735 94H 0.269 0.238 ain 
0. 780 0. 772 97H 0.256 0.225 T 
0. 522 0. 582 691, 0. 187 0.180 591, 
9.628 0. 663 80 0. 203 9.210 661, 
0. 631 0, 608 тї, 0.231 0.244 T 
Т2ВИСН --------- 0.689 0.670 85 0.212 0.237 72 
T2R1iC4É... 0.682 0. 699 86 0.248 0.215 83H 
0,744 0, 738 92H 0.231 0.242 75 
0.656 0. 683 83 0.203 0.224 681, 
0.141 0.182 95H 0. 805 0.823 | 100H 
C314) 
0.804 0,803 | 100H 0. 230 0.234 74 
C804) 
0.156 0.803 ян 9.222 0.243 74 
í 0.601 0.632 т 0.209 0.221 681, 
0.615 0. 605 : 761. 0. 212 0.209 611, 


0.635 | 0.661 81 0.281 | 0.285 | өн 
0.735 | 0.109 90 0.244) 0.240] 77 
0.120 0.628 | — *g4 0.257 0.245 80H 
0.739 | 0.720 91 0.264 | 0.244] він 
0.651 | 0.749 87 0.2371 0.257] 19 
0.762 | 0.719 92H| 0,327] 0.284! ән 
0.755 | 0.778) H| 0.28| 0.247] зн 
0.715 | 0.727 93H | 0.220| 0.2321 72 


T4R1C1. 0.589 0.582 7L 0.213 0.189 “L 
T4R1CA... 0.632 0.615 18 0.248 0.256 юн 
T4R2C2 _ 0.655 0. 699 84 0.227 0.242 ТБ 
TA4RACI. 0,744 0.677 88 0.251 0.221 16 
T5RICI... 0.543 0.614 тї, 0.194 0.204 &L 
0,608 0.658 19 0.223 0.230 T 
0. 665 0.678 | 84 0.256 0.222 76 
0. 736 0.736 92H 0.239 0.241 16 


0. 622 0.609 | тї, 0.211 0.213 єзї, 
0,623 


Tottingham ... 
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TABLE 8.— Water-absorption data for wheat; also, amount of water absorbed 
for each gram of yield of tops and of roots (water requirement), 
relative to the highest average as 100; for series II, conducted from 
February 12 to March 7, 1916. 


Water absorption, i Water require: 
Culture No. 
Tops, Roots, 
actiial,| actual. | relative: (average, average, 
эн 
97H 
BL 
94H 
88L 
94H 
92 
uL 
88 
90 
98 
100H 
(1768) 
861, 
95H 
зат, 
91 
91 
"2L 
92 
91 
93 
98H 
тэг, 
TSR14C13 399 885 98H 83 92 
ТЕ СЗ} __ 388 382 96 87H 811, 
T3R24C24 403 | 393 99H 83 89 
T3R3C1 410 868 этн 85 89 
ТЗВЗСЗ .. 47 386] 100H 83 UL 
T3R34C1} 402 374 этн TIL зат, 
373 368 92 | L 92 
241 387 84L 88H 95H 
400 894 99H этн 89 
388 367 94 85 91 
T4RACI ~- 383 356 92 тэт, 89 
T5R1CI.. 354 | 333 861, 91H 98H 
Т5В1С3 - 382 371 94 91H 94H 
TSRUC1E 94 | 86 90 
96 | 991, 90 
88L 87H 94H 
8IL 92H 91 
95 т 90 
Tottingham. 98H 80 ти 
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From the dry-weight data of both series I and series II it ap- 
pears that for a given total concentiation these plants were not 
very sensitive to small differences in the salt proportions. A 
relatively large number of salt combinations in both series I and 
series II gave approximately equal growth, with apparently iden- 
tical conditions other than those in the nutrient solution. Thus 
in series I eleven other solutions gave at least nine-tenths as 
high dry yields of tops as did the best solution; and in series II 
twelve other solutions gave at least nine-tenths of the yield of 
tops obtained in the best solution. The individual differences 
between the different plants in a culture is probably the greatest 
factor in determining just which set of a number of very favor- 
able sets of salt proportions will give the very highest yield. 

The relation between the cation-ratio values and the yields of 
wheat tops for series I and II are shown in Table 9. It will be 
seen tliat for low yields of tops the Mg/Ca-ratio values cover 
practically the whole range of these values for the entire series. 
There is thus no relation between the value of the Mg/Ca-ratio 
and the low yield of tops. The same thing is also true of the 
values of the Mg/K- and Ca/K-ratios, since all tested values of 
these ratios give low yields in some cultures. 


TABLE 9.-—Cation-ratio values for solutions of series I and 11; for the 
entire series, and for solutions giving high and low and highest and 
lowest top yields. : 


Ф. 


Мя/Са. Mg/K. Ca/K. 
| T ——* - —---| === = 
| Series Series | Series | Series Series ! Series 
1. ц. І. и. 1. | п. 
ee ee -- —— -. pe ж эше 
| Rees a ee со oe тя 
] | 
| 2 | 
| 0.21 0.14 0.14 0.08} 0.08 
i 
13.43 4.68 4.68 2.63 | 2.68 
H 13.22 4.54 4.54 2.60 2.60 
| Low yields: | 
| Minima T AREE 0. 54 0.21 
| Maxima... 18.43 13.43 
oh ЖИЕ р ысы ellen coe e 12.89 13.22 
High yields: 
| Minima 
AC RAS КИНИНИ: 0.53 0. 53 
Maxima... 3.62 1.78 
Range .... 2.99 1.20 
Highest yields 1.72 1.72 
Lowest yields. а 13.43 13.43 
Do ..... í— — |---.---.-.. 11.35 |.......... 


For high yields of tops, however, there does appear to be a 
certain relation between cation-ratio values and yield. High 
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yields of tops were restricted to cultures having values of the 
Mg/Ca-ratio ranging from 0.53 to 3.52 for series I, and from 0.53 
to 1.78 for series II, while the total range for each of these entire 
Series was from 0.21 to 13.43. Thus high yields of tops were 
never obtained when the Mg/Ca-ratio value was above 3.52, no 
matter what the proportions of the other ions. High yields of 
tops were obtained when the Mg/K-ratio had the lowest value 
tested (0.14), and were restricted to relatively low values of 
this ratio. The highest value of the Mg/K-ratio that gave high 
yields was 0.93, while the highest value tested was 4.64. High 
yields of tops were also restricted to low values of the Ca/K- 
ratio, never being obtained when this was higher than 0.78, 
while the highest value for the entire series was 2.68. The very 
lowest value (0.08) of the Ca/K-ratio also produced high yields 
oftops. The data presented in this table may be summarized by 
stating that low yields were obtained with practically all ratio 
values tested; but that high yields were never obtained when the 
Mg/Ca-ratio was higher than 3.52, nor when the Mg/K-value 
was above 0.93, nor when the Ca/K-value was above 0.73. 

Culture T1R1C1, which gave the lowest yields of tops in se- 
ries I and II, had the following ratio values: Mg/Ca, 13.43; 
МЕ/К, 4.68; Ca/K, 0.35. The other culture in series II giving 
a yield as low as TIR1C1 (namely culture T2R1C1) had the fol- 
lowing values: Mg/Ca, 11.35; Mg/K, 2.61; and Са/К, 0.23. The 
highest yields of tops were obtained, in series I, with culture 
T2RAC2 having the following ratio values: Mg/Ca, 1.72; Mg/K, 
0.40; Ca/K, 0.23; and in series II, with culture T2R4$C14 having 
the ratio values: Mg/Ca, 1.72; Mg/K, 0.29; Ca/K, 0.17. These 
two solutions are characterized by equal Mg/Ca-ratios; but the 
other two ratios are different for the two solutions. 

The relations between cation-ratio values and root yields for 
series I and II are shown in Table 10. Considering the results 
of the two series together, it is apparent that there is little or no 
relation between low root yield and the value of any one of the 
three cation ratios. This agrees with what was found for top 
yields. However, as in the case of top yields, there was an 
apparent relation between high yields and cation-ratio values. 
Thus, high root yields were obtained only when the Mg/Ca-ratio 
had values from 0.21 to 5.48, while the total range for the 
series was from 0.21 to 13.43. In a similar way high root 
yields were restricted to low values of the Mg/K-ratio, from 0.14 
to 0.80, and never occurred with ratio values between 0.80 and 
4.68. On the other hand, there was no rélation between high 
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root yields and the Ca/K-ratio values, high yields being obtained 
with the whole range of these values tested. 

The general conclusion which must be reached from these ex- 
periments is similar to that already stated by Gile," by Totting- 
ham, and by Shive. The effect of a certain ratio between any 
two ions in a certain total concentration appears to depend upon 
the relation of these ions to all the other ions in the nutrient 
solution; that is, upon the complex balance of ions in the nu- 
trient solution. А certain optimum ratio may be found between 
two ions, as caleium and magnesium, for example, when a cer- 
tain balance exists between all the other ions present. But if 
this balance is altered, the optimum ratio between calcium and 
magnesium, for example, would be altered. 


TABLE 10.—Cation-ratio values for solutions of series I and II; for the en- 
tire series, and for solutions giving high and low and highest and lowest 
root yields. 


Mg/Ca. Mg/K. | Ca/K. 


| Series 
| и. 


Series Series | Series | Series. | Series 
І. п. І. и. 1. 


Entire series: 


0.21 0.21 0.14 0.14 0.08 | 0.08 
13.43 | 12.48 4. 68 4.68 2.68 | 2.68 
13.22 13.22 4.54 | 4.54 2.60 2.60 


0.54 1.65 0.14 0.14 0.08 0.08 


13.43 13.43 4.68 4.68 2.27 0.85 

12.89 12.78 4.54 4.54 2.19 0.77 

0.31 0.21 9.14 0.19 0.08 9.17 

5.48 1.75 0.15 0.80 2.68 2.68 

5.17 1.54 0.61 0.61 2.60 2.51 

Highest yields .. 0.53 0.45 0.19 0.20 0.35 0. 45 
L Lowest yields. 1.02 13, 48 1.91 4.68 1.88 0. 85 


Water absorption.— Cultures T3R1C5 and T3R3C3 absorbed 
the greatest quantities of water in this series; the latter culture 
also absorbed the most in series I. This series agrees with se- 
ries I in the culture showing lowest water absorption (TI1R1C1). 
In à general way, also, there is an agreement between the two se- 
ries in the direct relationship shown between dry yields of tops 
and roots, on the one hand, and water absorption on the other. 

Water requirement.—The results of this series disagreed with 
those of the preceding one in the exact proportions giving high- 


* Gile, P. L., Lime-magnesia ratio as influenced b: i 
, , y concentration, Bull. 
Porto Rico Артіс, Exp. Sta, 12 (1912). 
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est and lowest top and highest and lowest root water require- 
ments, though there was general agreement between the high 
and low and medium areas for the two series. The general 
features are the same as those for the preceding series and will 
not be discussed in detail here. 


SERIES III 
METHODS OF SERIES IIL 


Series III extended over thirty-two days, from December 4, 
` 1916, to January 5, 1917. The maximum temperature for this 
period was 28? C. (December 8, 18, 14, 21), and the min- 
imum was 12? C. (December 15, 17, 30). The average daily 
maximum for the period was 25° C., and the average daily 
minimum was 16? C. The mean daily water loss from the at- 
mometer was 15.7 cubie centimeters, and the total loss for the 
period was 501 cubic centimeters. е 
All-of the culture solutions employed in this series had the 
same total concentration- (1.60 atmospheres) as was used in 
series I and II. But much higher partial concentrations of 
potassium chloride were included in this series, since the results 
obtained from the preceding series showed no very pronounced 
effects that might be attributed to potassium chloride. Four 
sets of culture solutions were used, in which potassium chloride 
contributed 0.2, 0.7, 0.8, and 0.9, respectively, of the total os- 
ntotic concentration. In each of these sets ten combinations of 
the other three salts were tested. The method of varying the 
other three salts may be most easily understood by referring to 
the diagrams of fig. 7. Each of the four triangles (T2, T7, T8, 
T9) represents one of these four sets. The cultures of the 
first set (T2) have 0.2, those of the second (T7) have 0.7, those 
of the third (T8) have 0.8, and those of the fourth (T9) have 0.9 
of their total osmotic concentration due to potassium chloride. 
In each of the sets the residual osmotic concentration is dis- 
tributed among the other three salts in the way shown by the 
distribution of the dots on the diagrams. Thus in triangle 2 
the distribution was 0.8 of the total concentration; in triangle 7, 
0.3; in triangle 8, 0.2; and in triangle 9, 0.1. Each of the cul- 
tures indicated on the triangular diagrams of fig. 7 represents 
various proportions of monopotassium phosphate, calcium ni- 
trate, and magnesium sulphate, the amount of potassium chloride 
being indicated by the number of the triangle. Thus the cul- 
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tures in each set may be regarded as comprising a series of 
three-salt solutions similar to the series employed by Shive. The 
diagram (TO) of fig. 7 represents Shive's series, consisting of 


Ў Z V- High yields 
Ф D = ом yields 


ANEN 
MN AS AS NE VATES APPS rur us 


o? p 
RS 56, 
Кы (ay) 


SR 


BES 


1 part KH, PO, 1 part KH, PO, 


Fic. 7. Diagram for series HI, showing culture numbers 
в] 


and osmotie proportions of the 
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thirty-six solutions having various proportions of monopotassium 
phosphate, calcium nitrate, and magnesium sulphate, all of 
which have the same total concentration (1.75 atmospheres). 
None of these solutions contains any potassium chloride at all. 
The set of cultures represented by triangle 2 may be considered 
as derived from Shive’s series by first decreasing the total con- 
centration of the latter to 1.28 atmospheres and then adding to 
each solution enough potassium chloride to give a total concen- 
tration of 1.60 atmospheres. Similarly, the sets represented by 
‘triangles 7, 8, and 9 may be derived from the Shive set by de- 
creasing the total concentration to 0.48 atmosphere, 0.32 atmos- 
phere, and 0.16 atmosphere, respectively, and then adding : 
potassium chloride equivalent to 1.12 atmospheres, 1.28 atmos- 
pheres, and 1.44 atmospheres, respectively. It is thus seen 
that series III was planned to study the various physiological 
values (as indicated by the plants) of the different salt propor- 
tions in the Shive series, in the presence of four different partial 
concentrations of potassium chloride, the total concentration of 
the four-salt mixture being always the same (1.60 atmospheres). 

The actual salt proportions tested in this series were not 
exactly the same as those employed by Shive, but the total range 
of salt proportions was the same. Instead of the thirty-six 
solutions tested by Shive, ten selected solutions were here em- 

-ployed. Only three of these ten correspond to sets of propor- 
tions actually used by Shive (those represented by the three 
apices of the diagram). The others fall on the diagram at 
different points from those actually tested by Shive, but they 
may be designated in the same general manner as was followed 
by Shive, by employing fractiorial numerals somewhat as in the 
case of series Ц. Culture T2R44C1, for example, considered as 
а three-salt solution having an osmotic value of 1.28 atmospheres 
has 0.41 due to monopotassium phosphate, 0.1 due to calcium 
nitrate, and 0.43 due to magnesium sulphate, and the amount 
of potassium chloride present is shown by the number of the 
triangle (0.2 of 1.60—0.32 atmosphere). Besides the forty solu- 
tions belonging to this series, solution T2R4C2 (giving the high- 
est top yield in series I) was also employed, for the sake of 
comparison. : 

Table 11 gives the chemical composition of each of the forty 
solutions in series III, in terms of the partial volume-molecular 
concentrations of the four salts; the values of the three cation 
ratios are also included in this table. The method used in cal- 
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culating these partial concentrations was similiar to that em- 


ployed heretofore. 


TABLE 11.—Partial concentrations of each of the salts in the solutions em- 
ployed in series III; also, the values of the three cation ratios; total 


osmotic value of each solution, 1.60 atmospheres. 


Culture No, 


T2R1C44 
T2RIC 8.... 
T2R24C23 .. 
TZR2jC53 .. 
T2R34C3i 
T2R4ÀCl . 
T2R43C4} 
T2R53C23 .. 
сузсо ен 


TR53C23 
Theb... eel 


T8R1C4R 
T8R1C8 
T8R21C23 
T8R2iC5j 
T8R31C33 
TSR43C1 . 
TSR41C4À 
T8R5}C2} 
T8R8C1 


T9RICl 
T9R1C4b . 
T9RICS ... 
TOR24C24 
T9R23C53 
T9R33C33 
TIR4}C1 . 
Т9в43С4} 
T9R5ÀCIÀ 
T9R&C1 .. 


Volume-molecular partial 
concentration. 


n—  —:Ó 


KCI. | KH2PO«. мог Mg/SO«. 


M. M. M. 


M. 


0.0067 0. 0028 0.0020 0.0280 


0.0067 0. 0028 0.0090 


-0158 


0.0067 0. 0028 0.0161 0. 0035 
0.0067 0. 0065 0.0047 0.0187 
0.0067 0. 0065 0.0107 0. 0082 
0. 0067 0. 0093 0.0067 0.0117 
0.0067 0.0125 0. 0020 0.0158 
0.0067 0. 0125 0. 0090 0.0035 
0.0067 0.0148 0.0047 0.0082 
0. 0067 0.0222 0. 0020 0, 0035 


0.0240 | 0.00103 | 0.00072} 0. 


00983 


0.0240 | 0.00103 | 0.00323 | 0.00553 
0.0240 | 0.00103 | 0.00575 | 0.00123 
0.0240 | 0.00240 | 0.00168 | 0.00655 
0.0240 | 0.00240 | 0.00383 | 0.00287 
0.0240 | 0.00348 | 0.00240 | 0.00410 
0.0240 | 0.00464 | 0.00072 | 0.00553 
0.0240 | 0.00464 | 0.00323 | 0.00123 
0.0240 | 0.00549 | 0.00168 | 0.00287 
0.0240 | 0.00824 | 0.00072 | 0.00123 


0.0275 | 0.00068 | 0.00047! 0. 
0.0275 | 0.00068 | 0.00213 | 0. 
0.0215 | 0.00068 | 0. 00318 | 0. 
0.0275 | 0.00159 | 0.00110 | 0. 
0.0275 | 0.00159 | 0.00252 | 0, 
0.0275 | 0.00227 | 0.00157 | 0. 
9.0275 | 0.00307 0. 00047 0. 


0.0275 | 0.00307 | 0.00213 | 0. 
0.0275 | 0.00364 | 0.00110 | 0. 
0.0275 | 0.00546 { 0.00047 0. 


0.0310 | 0.00034 | 0. 00023 | 0. 
0.0310 | 0.00034 | 0.00104 | 0. 
0.0310 | 0.00034 | 0.00185 | 0. 
0.0310 | 0.00078 | 0.00054 | 0. 
0.0310 | 0.00078 | 0.00123 | 0. 


00639 
00359 
00080 
00426 
00186 
00266 
00359 
00080 
00186 
00080 


00305 
00172 
00038 
00203 
00089 


0.0310 | 0.00112 | 0.00077 | 0.00127 


0.0210 | 0.00151; 0.00023 | 0. 
0.0310 | 0.00151 | 0.00104] 0. 
0.0310 | 0.00179 | 0.00054] 0. 


00172 
00038 
00089 


0.0310 | 0.00269 | 0.00023 | 0.00088 


Cation-ratio value. 


iMg/Ca. du 
! 
14.00 2.95 
1.76 1.66 
0.22 0.37 
3.98 1.42 
0.77 0.62 
1.75 0.73 
1.90 0.62 
0.39 0.18 
1.75 0.38 
1.75 0.12 
13.65 0.39 
1.71 0.22 
0.21 0.05 
8.90 0.25 
0.75 0.11 
1.11 0.15 
1.68 0.19 
0.38 9.04 
1.71 0.10 
1.71 6.04 
13.60 0.23 
1.69 0.13 
0.21 0.03 
3.87 0.15 
0.74 0.06 
1.69 0.09 1 
1.64 0.12 
0.88 0.03 
1.69 0.06 
1.70 0.02 
13.26 0.10 ! 
1.65 0.06 
0.21 0.01 | 
3.75 0.06 | 
0.72 0.03 
1.65 0.04 
1.48 0.06 
0.37 0.01 
1.65 0.03 
1.65 0.01 


0.07 
0.04 
0.01 


0.01 
0.03 
0. 06 
0.02 


0.04 
0.02 
! 0.01 
6.03 
0.02 : 
0.01 
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RESULTS OF SERIES Ш | 


Appearance of the plants.—The same kinds of top and root 
modifieations described for series I and II were observed in the 
present series, with the exception of the longitudinal striping 
of the leaves and the phenomenon similar to “stooling,” which 
did not appear. Retardation of lateral roots was most pro- 
nounced in culture T2R1C1, but it was also severe in cultures 
T7R1C1, Т8В1С1, and T9R1C1. Here also the colpr of the 
tops was seen to decrease in intensity in passing from left to 
right in the triangles; and all of the plants in the cultures of 
triangle 2 were greener than the plants in the corresponding 
cultures of triangles 7, 8, and 9. The forms of leaf injury ap- 


. parently related to high partial coneentrations of magnesium 


sulphate were observed in this series, and their distribution is 
shown upon the diagrams of fig. 8. In these diagrams the total 
number of leaves of the twelve plants grown in the duplicate 
cultures are indicated by the numerals placed near the points 
showing the location of culture solutions. Cultures marked by 
triangles showed severe injury; those marked by squares showed 
slight injury. | | 

Dry weights.—The actual dry weights, in grams, of tops and 
of roots, are given in Table 12. The dry weights of the plants 
of each of the two duplicate cultures and the average weights are 
shown. High yields are indicated in the table by the letter Н; 
and low, by the letter L; the two highest yields in each triangle 
are considered high and the two lowest are considered low, for 
tops and for roots. The actual yields obtained at the same time ' 
with the T2R4C2 cultures are given at the bottom of the table. 
The data given in this table are shown diagrammatically in fig. 
7 (tops) and fig. 9 (roots). The method of plotting is some- — 
what different from that previously employed; in this case high 
values are indicated by small triangles and low values by small 
squares, no attempt being made to indicate areas of high and low 
values. ` 

Water absorption.—The data on water absorption for the 
cultures in this series are shown in Table 18, where the arrange- 
ment is similar to that in the preceding table. 

Water requirement.—The average amounts of water absorbed 
per unit of dry weight of tops and of roots are presented in the 
last two columns in Table 13. 

176542—— 
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Shive, T O o, LO 
= Severe injury 
= Slight injury 


od 


TN: 
ЛАК 
DODO 


Трам KH, PO, 1 part KH, PO, 


Fie. 8. Diagram for series НІ, showing leaf injury. 


DISCUSSION OF SERIES III 


Appearance of plants.—From the data shown in fig. 8, 


it ap- 
pears that the area of magnesium injury on the triangular 
diagram employed for this series is very small when the amount 


of potassium chloride present is low and becomes larger as the 
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Shive, TO Xy 


AA > 

o" КУ; | 
X SAN V = High yields 
O = Low yields 


SER, RES 


Fic. 9. Diagram for series III, showing dry yields of roots. 


amount of this salt is increased. Thus in triangle 2, where only 
0.2 of the total concentration is due to potassium chloride, this 
area of injury is confined to the left margin; it extends somewhat 
more to the right in triangle 7; and occupies the left half of the 
diagram in triangles 8 and 9. In the last two cases potassium 
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chloride was present in very large amounts (0.8 and 0.9 of the 
total osmotic value, respectively). It is remarkable that the 
set of cultures represented by triangle 2 is most nearly like the 
Shive set (which contàined no potassium chloride), but that 


TABLE 12.—Dry weights of tops and roots of wheat; for series ИТ, con- 
ducted from December 4, 1916, to January 5, 1917. 


Tops (6 planta). Roots (6 plants). ] 
Culture No. Ань 
А. B. Average. A. р B. Average. 
ПЕЕ ex ^ CES 
. g. g. о: o g. 
0.11 | 0.715 0.210 ° 0.205 | 0.2081, 


0. 685 0.6891, 0.197! 0.193 0.1951, 
0.642] 0.6731, | 0.2421 0.209) 0.226 


0.825 0.838 0.225 | 0.221, 0.223 
0.773 0.784 0.237 | 0.217] 0.227 
0.842 0. 856 0,240: 0.221; 0.231 
0.878 0. 863 0.238 | 0.223] 0.228 
0.857 0.839 0.308 | 0.278 | 0.2931 | 
0. 938 0. 947H 0.262 | 0.240 | 0.251H | 
0.872 0.906H | 0.256; 0.234! 0.248 | 
Т1В1С1............-- 0.466 | 0.473] 0,4701, | 0.221 | 0.215 | 0.218 
T7RIC4}. 0.617 | 0.532 0.575 0.215 0, 194 0.205 
T7RICS.. 0.491 | 0,692] 0,6421, | 0.205 | 0.177: 0.191, 
le mula 0.585; 0.614 0.600 0.215! 0.195 ' 0, 205 
Е 0.585 | 0.519, 0.5 | 0.2011 0.188 0.1941, 
ТЫС - u 616 | 0.658 0.637Н | 0.230 | 0.2191 0.225 
SICH oe 0.531 0.543 0.256 | 0.216 | 0.236Н 
ем - ж uox 0.607 0. 616 0.212 | 0.202, 0.207 
‘ = . 0.607 0.632Н | 0.232] 0.201! 0.217 
0.5631 0.568 | 0.566 0.248 | 0.244 | 0.246Н 
0.448 | 0.435 | од) 0.234! 0.216 | 0.225 
. 6.470 | 0.553 | 0.512 0.208 | 0.178 | 0.1911, 
0.599! 0.574 0.587H | 0.196 | 0.186 | 0,1911, 
0.474 | 0.537! 0.506 0.217 | 0.208] 0.213 
6.504 | 0.598} 0.551 0.209 | 0.197; 0.208 


0-620 | 0.548 0.584Н 0.247 | 0.212 | 0.230 
- 9.43] 0.512 0.4731, | 0.293, 0.229) 0.26211 
-| 9.510] 0.531 0.521 | | 0.203 
0.566 ; 0.235! 026! 0.231 
0.492 | 0.461| 0.480 0.263: 0.263 | 0.263Н 


нна аана. 0. 467 0.410 0.4391, 0.332; 0.316 0.324H 
0.641 0.593 0.567Н 0.240 0. 203 0. 222 
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ne о m 0. 522 0.524 0.215 | 0.194! 0.2051, 

и . 0. 502 0.507 0.288 | 0.255 | "0.272 
0.564 | 0.496 0.530Н | 0.223 | 0.21 | 0.2111, 
0.488 | 0.572 0.530H | 0.2491 0.221! 0.235 
0.420 | 0.417! 0.4191, | 0.301! 0,291! 0,296 
0.4801 0.565 | 0.523 0.229 | 0.214! 0.222 
0.512 | 0.478 | 0.495 0.280 | 0.254 | 0.267 
0.440] 0.458 | 0.449 0.316; 0,303} 0.810H 


И 0. 937 0. 937 0. 937 0.252 | 0.241 0.247 
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‘TABLE 18.—Water-absorption data for wheat; also, average amount of 
water absorbed for each gram of yield of tops and of roots (water re- 
quirement) ; for series III, conducted from December 4, 1916, to Jan- 
мату 5, 1917. 


Water-absorption. Азеке wate 
Culture No. EET 
А. B. Average. Tops. Roots, 
сс. · сс. сс. сс. perg. | вв. per g, 
T2RICI . 383 868 373 522 1,798 
T2R1C44 409 404 407 591 2,087 
Т2Е1С8 _ 401 389 395 587 1,48 
T2R2iC2j 436 436 436 520 1,955 
419 409 414 528 1,824 
444 399 422 498 1827 
425 - 411 418 484 1,833 
T2R4ÀC4À 432 418 425 507 1451 | 
T2R51C2À 442 432 431 461 1,741 
456 435 446 492 1,820 
338 824 331 104 1,518 
401 316 889 677 1,898 
399 360 380 101 1,990 
895 357 376 627 1,834 
385 869 377 648 1,948 
423 |. 396 410 644 1,822 
334 | 827 331 610 1,403 
390 | 381 386 6071 — 1865 
11853024 f 387 378 3881. 606 1,765 
TIRSC1 .. 375 344 360 636; 1,463 
333 | 317 825 185 1,444 
402 | 339 E T5: 192 
387 370 379 646 | 1,984 
T8R24C34 369 362 366 723} TB 
jo: c REM 386 379 383 ' 695 | 1,887 
TSR34C3À 395 386 391 670 1,700 
TER44C1 864 822 343 72b | 1,309 
TSR43C45 .. 887 354 |. 371 712 1,828 
T8R54C2} 399 387 393 694 1,701 
TSRSCI __ 851 845 348 725 1,323 
815 814 315 718 972 
411 365 388 684 1,748 
389 364 87 79 1,839 
362 345 354 698 1,301 
384 365 315 708 |. 1,728 
383 348 866 691 1,557 
319 808 311 742 1.051 
T9RA3C4À 386 840 363 694 1.635 
T9R5iC23 360 337 349 705 1,807 
TSR8CI . 320 319 320 тз 1,032 
pror n ысыды 441 435 438 467 1,778 
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triangles 8 and.9 are the ones that approach most nearly to 
Shive's diagram of magnesium injury. Whether the Shive series 
containing.the three other salts without any potassium chloride 
might have shown the distribution of this injury recorded by 
Shive, if it had been carried out simultaneously with these four 
sets, is of course uncertain. 

The more-intense green color that characterized the cultures 
with a large supply of magnesium sulphate in series I and II 
was also noted in this series; the region of deepest green occurred 
at the left margin in the triangle in all four cases. Further- 
more, the color intensity of these greenest plants decreased from 
set to set as the potassium chloride content of the solution in- 
creased. Аз has been mentioned, the high potassium chloride 
content of these sets was accompanied by lower absolute amounts 
of the three other salts, so that the last observation may well be 
related to the small absolute amount of magnesium sulphate 
present in these solutions. Dwarfing of the root system also 
, occurred in this series with high relative amounts of magnesium 
sulphate, as has been noted for series I and II, and this dwarfing 
was much more pronounced with high absolute values of this 
salt than with lower ones. As has been mentioned, striping 
of the leaves and "stooling" were not observed in series III. 

Dry weights.—Reference to the diagrams of fig. 7 shows that 
as the partial concentration of potassium chloride is increased, 
the partial concentration of the other three salts together being 
correspondingly decreased, the area of high top values migrates 
downward and to the right; that is, toward lower relative pro- 
portions of monopotassium phosphate and higher ones of calcium 
nitrate. That this migration of the area of high tops is not due 
merely to decreased partial concentration of monopotassium 
phosphate, calcium nitrate, and magnesium sulphate is suggested 
by the fact that a similar decrease in the total concentration of 
Shive's solution (see Shive's paper, figs. 2 and 3) produced a 
markedly different change in the configuration of the triangle. 
The migration of the area in question was from the central to 
the right central portion; that is, toward higher proportions 
of caleium nitrate, but not toward lower proportions of mono- 
potassium phosphate. But other evidence from the absolute 
values presented in Table 12 appears to indicate that the main 
effect here produced by increasing the partial concentration 
of potassium chloride is primarily related to the concomitant 
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decrease in the partial concentration of the three salts used 
by Shive. + 

А set of cultures, which may be designated as series III A, 
was condueted in order to determine whether the low top yields 
obtained with high proportions of potassium chloride were due 
to the reduction in concentration of the essential salts or to the 
high concentration of potassium chloride itself. This series was 
carried out from January 23 to February 24, 1917. The dry- 
weight data for this series are shown in Table 14. Four solu- 
tions were used in this set. The first of these was the T7R1C1 
solution, which was used in series I and II, and which, it will be 
remembered, has 0.7 of its osmotic concentration due to potas- 
sium chloride and 0.1 due to each of the other salts, monopotas- 
sium phosphate, calcium nitrate, and magnesium sulphate. This 
solution contains a very high proportion of potassium chloride. 
In both series I and series II it produced very low top yields. 
In the case of the second solution designated [TOR31C3j (0.48 
atmosphere)], the composition was the same as that of the 
ТТЕ1С1 solution, except that the potassium chloride was omitted. 
The dry yield of tops produced by this solution was 0.764 gram, 
while the yield from the T7R1C1 culture was 0.700 gram. It is 
thus clear that the omission of the potassium chloride did not 
markedly increase the yield of tops. The next solution [TOR34 
C34 (1.60 atmospheres) ] was derived from the T7R1C1 solution 
' by the omission of potassium chloride and the addition of suffi- 
cient amounts of the other salts to give a total concentration of 
1.60 atmospheres. It will be seen that this solution is similar 
to the second solution, but that the total concentration is here 
increased from 0.48 atmosphere to 1.60 atmospheres. The yield 
from this culture was 1.221 grams. Thus a very marked in- 
crease in yield is brought about by increasing the essential salts 
from the concentration in which they occur in the T7R1C1 solu- 


tion (0.48 atmosphere) to a total of 1.60 atmospheres. The . 


fourth solution of this set ((TIOROCO) was а single-salt solution 
containing potassium chloride in sufficient amount to give an 
osmotic concentration of 1.60 atmospheres. The yield from this 
culture is very low, being only 0.265 gram. From this set of 
cultures it may be concluded that the very low yields obtained 
in series I, II, and III with very high proportions of potassium 
chloride were due principally to the reductions in the amounts 
of the essential salts and not to any specific effect of the potas- 
sium chloride. 
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TABLE 14.—Dry weights of wheat tops and roots; for series III A, con- 
ducted from January 23 to February 24, 1917. 


mE Dry weights 
(6 plants). 


Culture No. Nature of solution. dz | 
Tops. | Roots. | 
9 | € 
TTRICI (1.60 atmospheres) .--..-.---.----- 0.7 of osmotic concentration due 0. 712 | 0.269 
j to KCl, 0.1 to each of the 0.657; 0.255 
other salts, 0.700 | 0.282 
= 
TOR33C84 (0. 48 atmosphere) .............. The T7R!CI solution with KCl 0.753: 0.257 | 
omitted. Equal! osmotic con- 0. 690 0.244 ! 
centration of the essential 0. 801 0.258 
salts. 9.810 | 0.267 | 
0.764: 0.257 | 
ТОЕЗ4С35 (1. 60 atmospheres) ............. The T7R1C1 solution with KCI . 1.220 0.879 | 
omitted and with concentration 1.222, 0.410 
of other salts to give a total 1.221 ы 0.395 | 
| of 1.60 atmospheres, А. 
T10ROCO (1. 60 atmospheres) .............. Single-salt solution with 1.60 0.258 0.100 | 
atmospheres osmotic con- 0.272 0. 105 
centration due to’ KCl. 0,205; 0. 108 
LO Р RN 


Returning to series III, it will be seen that with all of the ten 
Sets of proportions of the salts other than potassium chloride 
the greatest dry weight of tops was produced in the solution 
having the least amount of. potassium chloride; that is, for each 
set of proportions the cultures of triangle 2 gave higher yields 
than did the corresponding cultures of triangles 7, 8, and 9. 
The weight of tops varied inversely with the proportion of chlo- 
ride for the following combinations: R1C1, R21C51, R31C31, R44 
C1, R53C24, R8C1. These data indicate that (with а given set 
of proportions of the essential Salts) increased proportions of 
potassium chloride give decreased top production; though, as 
has been emphasized, this decrease is probably due merely to the 
accompanying decrease in the amounts of the essential elements. 

The highest dry yield of roots was obtained with the greatest 
partial concentration (that is, in triangle 9) of potassium chlo- 
ride with the following combinations of the essential salts: R1CIl, 
R1C43, R21C2j, R34C34, RA1CI, 851024, В8С1. Considering 
all four triangles, the weight of roots varied directly with the 
proportion of chloride for the following cultures: RIC1, R43C1, 
and Е8С1. The combinations which did not give greatest dry 
weight of roots with the greatest amount of chloride were R1C8, 
W21C53, R4iC4i. These solutions were characterized by the 


MESE ун 


ms Trelease: Salt Requirements of Wheat Plants 588 


largest amounts of caleium nitrate and the smallest amounts of 
magnesium sulphate; that is, by low Mg/Ca values. These 
results indicate, therefore, that an increased proportion of potas- 
sium chloride gives increased root production, except in solu- 
tions having very low Mg/Ca values. 


SERIES IV 
METHODS OF SERIES 1V 


Series IV lasted thirty-two days, from January 23 to Feb- 
ruary 24, 1917, the period being of the same length as for series 
III. The maximum temperature during this period was 29° 
C. (February 4, 17, 21) and the minimum was 7° C. (February 
11). 'The average daily maximum for the period was 25? 
C. and the average daily minimum was 13? C. The mean 
daily evaporation rate from the atmometers was 15.8 cubic 
centimeters, and the total loss was 491 cubic centimeters. 

In this series it was planned to study the effect upon the 
plants of different total concentrations for the same set of salt 
proportions. Only three of the eighty-four sets were tested in 
this way, and with them was tested a three-salt solution, 
without potassium chloride, having the salt proportions nearly 
the same as those in Shive's best solution for wheat. For each 
one of these four sets of salt proportions eight different total 
concentrations were employed. The three sets of four-salt pro- 
portions used were as follows: (1) T7R1C1, which contained 
the maximum amount of potassium chloride occurring in any 
of the eighty-four solutions; (2) T1R1C1, which contained the 
maximum amount of magnesium sulphate present in any of the 
eighty-four solutions and which also had the poorest physio- 
logical balance for dry top yield in these plants; (3) T2R4C2, 
which had the best physiological balance for dry top yield. The 
three-salt solution in this series was one that is to be designated . 
аз R5C21 on the Shive diagram. 

For each one of these four sets of salt proportions the eight | 
total concentrations tested, expressed in terms of their osmotic 
values, were as follows: 0.50, 1.00, 1.60, 2.50, 3.50, 4.50, 5.50 
and 7.00 atmospheres. It will be noticed that the third one of 
these concentrations (1.60 atmospheres) is the one employed in 
all of the preceding series. 

The caleulations were based upon the data given for series 
I, and the various concentrations were obtained by first prepar- 
ing a solution having an assumed osmotic value of 7.00 atmos- 
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pheres and then diluting this to give the concentrations required. 
The assumption is here made that the ionization constants for 
the salts are the same for the lower and higher concentrations 
as they are for the solution having an osmotic value of 1.60 at- 
mospheres. This method, therefore, is not strictly accurate. 
The error thus introduced is practically negligible for the solu- 
tions having values below 1.60 atmospheres. For the higher 
concentrations, freezing-point determinations indicated that this 
error gradually increased with the total concentration until it 
amounted to about 8 per cent. Thus solution T1R1C1, planned 
to have an osmotic value of 7.00 atmospheres at 25? C., proved 
by the freezing-point method to have an actual value correspond- 
ing to 6.50 atmospheres at 25? C. Since the purpose of this 
series was to study only the general relations between the growth 
of.the plants and the total concentration, the error just alluded 
to may be disregarded. 


RESULTS OF SERIES IV 


Appearance of the plants.—Most of the morphologica] modi- 
fieations of tops and roots noticed in the preceding series were 
also observed in series IV; but the longitudinal striping of 
leaves and branching from the base of the stem were not seen 
in this series. Root development was retarded in the higher 
concentrations, both primary and Secondary roots being thick 
and short. In the lowest concentrations the roots were long, 
slender, and flexible in appearance. Roots in the corresponding 
concentrations of cultures T7R1C1, T2R4C2, and R5C21 were 
about equal in development; but those in the Т1Б1С1 cultures 
were all greatly retarded. With all of the sets of salt propor- 
tions, the greenness of the plants decreased with decrease in 
concentration of the nutrient solution. The greenest plants 
were those having the T1R1C1 salt proportions; those in the 
R5C21 and T2R4C2 proportions were somewhat lighter in shade, 
and those in the T7R1C1 proportions were much lighter. Mag- 
nesium injury was not observed in any of the T7R1C1 cultures. 
Only one plant in the R5C21 cultures showed injury, this occur- 
ring in the 5.50-atmosphere concentration. Slight injury was 
observed in the T2R4C2 cultures in the 5.50-, 4.50-, and 2.50- 
atmosphere concentrations. Severe injury, with coiling of the 
leaves, was observed in all concentrations with the TIR1CI salt 
proportions, the more severe injury appearing in the higher 
concentration. 


"x 
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Dry weights.—The actual dry weights of tops and of roots 
for this series are given in Table 15, the weights of the plants 
in each of the duplicate cultures and the average weights being 
Shown. The data given in this table have been plotted as 
graphs in fig. 10. In these graphs abscissas represent concen- 
tration, in terms of osmotic pressure in atmospheres, and ordi- 
nates represent yields in grams. The heavy line is the graph 
for the T2R4C2 cultures, the light line for the T1R1C1 cultures, 
the dotted line for the T7R1C1 cultures, and the broken line for 
the R5C2$ cultures. 


TABLE 15.—Dry weights of tops and roots of wheat; for series IV, conducted 


from January 23 to February 24, 1917. * 
| Oitioti Tops (6 plants). Roots (6 plants). 
n Culture No. concen- каккы пер 
‚ tration. | д B. |Average| А. В. | Average. 
Atm. | 9. 9. 9. 9. g a 
: 7.0| 0.675} 0.5820) 0.629] 0.210: 0.240 | 0.225 
| |  &5| 0.728) 0.696] 0.7121 0.280) 0.271| 0.276 
| | 15| 0788 . 750 .769| 0.305] 0.3011 0.808 
| 35| 0.769) 0.760] 0.765) 0,297) 0.2661 0.282 
ааа 2.5; 0.767 0.699 .733 0.271 0.258 | 0.265 
16! 0.712] 0.687] 0.700} 0.255 | 0.269 | 0.262 
10! 0.828! 0.600] 0.714] 0.217) 0,216 | 0.217 
| 05| 0.613) 0.6021 ososi 0.226] 0.234 | 0.230 
7.0| 0.709] 0.105| 0.707] 0.208 | 0.166] 0.185 
| 55| 0.7711 0.7401 0.756} 0.205 | 0.196 | 0.201 
| 45! 0.823 0, 762 0.793 0.230 0.233 | 0.232 
3.5| os| 0.11! 0.797] 0.286] 0.249 | 0.248 
ТЕО ы нын шы 2.5| 0.789] 0.163! 0.776; 0.241! — 0.257 | 0.249 
| L6! отт] олло] 0.735! 0257| 0.262| 0.260 
| 2.0 .650| 0.61| 0.631| 0.204] 0.208: 0.206 
| 0.5; 0.642| 0.6101 0.626} 0.2101 0.207 | 0.209 
1.01 0.776! 0.162| 0.769} 0.271] 0.218 | 0.272 
i | 5.5| 0.861; 0.790] 0.821) 0.314 | 0,297 | 0.306 
i \ 45| 0.922] 0.885] 0.904] 0.929| 0.304! 0.817 
| 3.5| 1056] 1.003) 1.030} 0.371] 0350; 0.361 
K TARAGA eroe | 25| ii4| 1070} 1.217; 0.373] 0.356 | 0.365 
Í 16; 1.165 1.138 1.152 0.367 0.379 0.373 
i 1.0} 0900] 0.900] 0.947] 0.305] 0.284, 0.295 
i 0.5| 0.973] 0.515] 0.926] 0268}. 0.382 | 0.300 
! qol 0.1231 оёвю| 0.683] 026| 0.221 | 0.224 
5.5: 081] 0.752) 0.186 | 0.272) 0.266) 0.269 
| 45| 0%з3| 0.912| 0.99, 0824] 0.305; 0.315 
| | 35 10016] 0.933] 0.975] 0.304 | 0.346 | 0.825 
MC d | 5| n| ii3| 1125| 0.850] 0.388 | 0.869 
| 16| 110} L38| 1152] 0.385 | 0.345 | 0.365 
10| 1.013! 0.985] 0.999; 0.314 | ¢.293| 0.304 
| 0.5| 0.908 |° 0.875 | 0.892 0.211 | 0.214 | 0.278 
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Fic. 10. Graphs of average ectual yields (grams) of wheat tops and of roots for series IV. 


Water-absorption.—The water- 
are shown in Table 16, which c 


the preceding table. 


absorption data for this series 
orresponds in arrangement to 
These data have been 
in fig. 11, where the method o 
ployed in the preceding figure. 


plotted as graphs 


f plotting is similar to that em- 
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Fic. 11. Graphs of Average total amounts of water absorption for series IV. 


Water requirement.—The data of the amounts of water ab- 
sorbed per unit of dry top and dry root yields are shown in Table 
16. These data are plotted as graphs in fig. 12, where the 
method of plotting is similar to that heretofore employed for 


this series. 
DISCUSSION OF SERIES IV 


Appearance of plants.—In this incomplete series bearing on 
the relation of total concentration to the growth of the plants (it 
being remembered that only three of the many possible sets of 
salt proportions were tested) there was evidence again that the 
occurrence of magnesium injury is generally accompanied by a 
more-intense green color of the foliage. With the set of salt 
proportions producing greatest injury in a concentration cor- 

' responding to 1.60 atmospheres of osmotic pressure (T1R1C1), 


the severity of the injury as well as the number of leaves injured ' 


increased with higher total concentrations and decreased with 
lower. When salt proportions were employed that gave the 
highest dry weight with an osmotic value of 1.60 atmospheres 
(T2R4C2)—which did produce some magnesium injury in series 
I—no magnesium injury occurred with concentration values’ 
below 2.50 atmospheres, though such injury did occur with higher 
concentration values. Тһе fact that aérial conditions were dif- 
ferent from those present for series I may possibly explain why 
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i ; also, average amount of 

Taste 16.—Water-absorption data for wheat; also, 
water absorbed for each gram of yield of tops and of roots (water 
requirement); for series IV, conducted from January 23 to February 


24, 1917. 
== ек “е анлы ака | 
Water absorption, Water requirement. 
Osmotic E OL 
Culture No. concen- 
tration. A. B. Average. Tops. , Roots. 
T 2 ete EM = И -~ 
Atm. се. се. сс. (се. perg. се. perg. | 
| 7.0 205 233 219 348 , s | 
{ 5.5 304 289) "297 ап; 08 | 
Н 4.5 350 зи: 346 450; LH | 
| 3.5 405 381 393 54| L| 
Tues \ 26 415 406 m 602 164; 
i 16 428 487 488 697 1,963 : 
| ro 404 set; зв 528 1,770 
1 0.5 423 358 391 643 1,700 ' 
: 7.0 228 215 222 314 1200 ; 
5.5 261 256 259 343 1,259 | 
4.5 314 306 310 391 1,386 | 
3.5 364 339 352 442 1.419 
TROLS 2.5 405 394 400 516 1,606 | 
16 446 431 1. 412 602 1,700 | 
1.0 412 398 405 | 642 
0.5 396 379 388 9m 
1.0 250 242 246 | 320 ! 
5.5 315; 306 зп 379 
i 4.5 390 381 386 421 
| 3.5 489 447 468 454 
ТОМО н а-ы рер 2.5 571 | 530 554 496 
1.6 660 632 646 560 
i 1.0 628 | 597 618 652 | 
! 0.5 620 1 682 651 703 
1.0 224 | 223 | 224 928 
5.5 316 | 305 811 396 
4.5 402: 370 | 386 | 412 
3.5 469, 424 ; 417 459 
шоны кыйыша: 2.5 555 | 536 546 485 
1.6 617 | 611: 614 ! 533 
1.0 622 | 596 609 510 
0.5 655 | 620 638 115 
i 


this injury was not apparent with these proportions with a 
concentration value of 1.60 atmospheres, for which injury was 
observed in series I. At any rate, these results indicate that 
magnesium injury is not to be expected with the lower concen- 
„trations of this set of salt proportions, but that it is to be expected 
with higher concentrations. With the other four-salt mixture 
here tested (T7R1C1, having the highest content of potassium 
chloride of all the original eighty-four solutions) no magnesium 
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Ето. 12. Graphs of average water requirement of tops and of roots for series IV. 
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injury occurred, although it did occur in series I with this set 
of salt proportions for a total concentration corresponding to 
1.60 atmospheres. It is clear that magnesium injury does not 
increase with total concentration with this set of salt propor- 
tions. The fourth set of salt proportions tested in this series 
(R5C21 on the Shive diagram, which resembled very closely 
Shive's best solution) showed no magnesium injury in any 
of these concentrations, except a slight indication with a con- 
centration value of 5.50 atmospheres, although Shive's best 
solution regularly produces this form of injury. It is to be 
noted that while this set of salt proportions differed from that 
of Shive's best solution to only a small degree, yet this dif- 
ference was in such a direction as to justify an expectation of 
less magnesium injury than occurred in the Shive solution. It 
appears that solution R5C2$ lies on the border line where more 
or less marked magnesium injury may or may not occur, accord- 
ing to conditions so far uncontrolled, such as those of the climate 
or the susceptibility of the individual plants. 

Dry weights.—The top yields of this series (fig. 10) bring 
out what appear to be some very important considerations. 
With the set of salt proportions (T2R4C2) giving highest yields 
in series I a concentration value of 1.60 atmospheres, or per- 
haps somewhat higher, appears to be optimal for dry yield of 
tops. Both lower and higher concentrations give lower yields. 
With concentrations below this optimum, the yield falls off much 
more rapidly than with those above. It is especially interesting 
to note that a total concentration value of 0.50 atmosphere nearly 
corresponds in top yield with a total concentration value of 4.50 
atmospheres. Lower total concentrations than the lowest here 
employed (0.50 atmosphere) would doubtless have given still 
lower dry weight values, but it is not to be expected that the 
latter would have been reduced very much in this way. It is 
noticeable, on the other hand, that the low top yield occurring 
with the highest concentration here used (7.00 atmospheres) is 
much lower than that occurring with a concentration value of 
0.50 atmosphere. The three-salt mixture of this series (R5C21, 
on the Shive triangle) agreed very well in all particulars with 
solution T2R4C2. The graph of this set of three-salt propor- 
tions may be regarded as indicating what would have been ob- 
tained if Shive's set of salt proportions had actually been used. 
On the basis of this supposition, and on that of the data here 
given for solution T2R4C2, it is not to be expected that either this 
four-salt solution with chloride, or the Shive three-salt solution 
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without chloride, can be significantly improved for the produc- 
tion of top yield under these general conditions by altering the 
total concentration. Аз has been mentioned, it is possible that 
the yield might have been a little higher had the total concen- 
tration been slightly increased. But itis safe to regard a con- 
centration value of 1.60 or 1.75 atmospheres as optimum for 
both sets of salt proportions, under the aérial conditions fur- 
nished by the greenhouse used in this study, and with the plants 
and frequency of solution renewal employed. 

The two other four-salt proportions included in this series 
(T1R1C1 and T7R1C1), both of which gave very low top yields 
with a total concentration value of 1.60 atmospheres in series 
I and II, here show their highest top yields with a concentration 
value of 3.50 atmospheres and 4.50 atmospheres, respectively. 
As in the case just discussed, concentrations below and above the 
optimum show much lower yields. The two graphs are seen to 
be nearly parallel throughout. Their form differs. from that 
of the other two graphs of this series, not only in position of 
the maximum but also in the fact that they are nearly sym- 
metrical about the maximum. Both are rather flat-topped. 

While root yields (fig. 10) agree in a genera] way with top 
yields as related to the total concentration of the nutrient solu- 
tion, some rather marked differences occur in other respects. 
It will be noticed that both the heights of the graphs, indicat- 
ing actual yields, and the forms of the graphs, showing the rela- 
tion of changes in concentration to changes in yield, differ for 
the four sets of salt proportions tested. The graph for the 
T2R4C2 cultures shows that maximum root yields were obtained 
with a concentration of 1.60 atmospheres, from which it appears 
that this solution cannot be significantly improved for root pro- 
duction by changing its total concentration from 1.60 atmos- 
pheres. It will be observed, however, that solution R5C21, 
which had no chloride and resembled Shive's best solution for 
tops, gave a slightly higher root yield with a concentration of 
2.50 atmospheres than with one of 1.60 atmospheres. The dif- 
ference, however, is small. With the two concentrations higher 
than 4.50 atmospheres root yields were significantly higher with 
the solution containing the chloride (T2R4C2) than with 
the one that lacked it (R5C24). Apparently, high total con- 
centrations are less injurious to roots in the presence of the 
chloride than in its absence. The graph for culture T7R1C1 
(having 0.7 of its concentration due to potassium chloride) is 
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very different in form from those just considered. This graph 
exhibits a marked maximum at 4.50 atmospheres, instead of at 
1.60 or 2.50 atmospheres. The fourth graph, that for the 
Т1В1С1 cultures, having 0.7 of their total concentration due to 
magnesium sulphate and 0.1 due to each of the other three salts, 
resembles the first two graphs much more closely than it does 
the third. With these solutions having very high proportions 
of magnesium sulphate, the optimum concentration was 1.60 
atmospheres, and the yields decreased rather slowly with increas- 
ing concentrations above that value, Very high total concentra- 
tions retarded root production much less when the solution had 
high proportions of potassium chloride than when it had high 
proportions of magnesium sulphate. i 

This series furnishes very conclusive proof of the point already 
brought out by Shive and Tottingham ; namely, that the optimum 
total concentration may be expected to vary with the sets of 
salt proportions used, and that for any total concentration an 
optimal set of salt proportions may be found. There appears 
to be no such thing as an optimal total concentration without 
reference to the salts and salt proportions used, and there is 
no optimal set of salt proportions except for some specific range 
of total concentrations. 

Water absorption.—The most striking feature of the graphs 
Shown in fig. 11 is the nearly linear decrease in total water ab- 
sorption with an increase in concentration between the limits 
1.60 and 7.00 atmospheres. It will be observed that the graph 
for the T2R4C2 cultures tends to parallel and lie slightly above 
that for the R5C21 cultures. The graph for the T7R1C1 cul- 
tures (which have 0.7 of their concentration due to potassium 
chloride) .lies considerably below these two and tends to parallel 
but remain above that for the T1R1CI cultures (having 0.7 of 
their concentration due to magnesium sulphate). 

The graphs for the T2R4C2 and the R5C21 cultures are ir- 
regular below 1.60 atmospheres. 'The R5C241 cultures, it will be 
remembered, have no potassium chloride but otherwise are ap- 
proximately the same in composition as the T2R4C2 ones. It is 
impossible to determine from these graphs what concentration 
may be expected to give maximum water absorption, because the 
values for 0.50, 1.00, and 1.60 atmospheres are so nearly alike. 
Eut a markedly lower absorption is evident for concentrations 
higher than 1.60 atmospheres. Both graphs show an approxi- 
mately linear decrease in water absorption with an increase in 
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concentration, between: the limits 1.60 and 7.00 atmospheres. 
The omission of potassium chloride did not alter the relationship 
between concentration and absorption for concentrations lying 
between these limits. 

The graphs for the T7R1C1 cultures and the T1RICI cul- 
tures both show perfectly definite maxima at 1.60 atmospheres. 
Above this concentration, water absorption bears an approxi- 

, mately linear relationship to concentration. 

The most interesting portions of all of these graphs are those 
between the concentrations 1.60 and 7.00 atmospheres. It will 
be seen that the slopes of the T2R4C2 and R5C21 graphs are 
about the same. But the slopes of the T7R1Ci and T1R1C1 
graphs are much less steep. "Thus changes in concentration in 
the T7R1C1 and T1R1C1 sets of proportions (both of which were 
unfavorable media at all concentrations) produced much less 
marked changes in water absorption than did similar changes 
in the very favorable T2R4C2 and R5C24 solutions. 

By comparing figs. 10 and 11 it will be seen that for cultures 
T2R4C2 and R5C21, between 1.60 and 7.00 atmospheres at least, 
water absorption is a good measure of top yield, and appears to 
depend principally upon the size of the plants. But for the 
T7R1C1 and T1R1C1 cultures, water absorption does not vary 
in the same way as do top yields. In both of these sets of 
cultures absorption decreases with increasing concentration 
between 1.60 and 7.00 atmospheres, while dry weight of tops 
increases with concentrations of from 1.60 to 3.50 (for T7R1C1) 
and to 4.50 (for T1R1C1) atmospheres and then decreases. 
Thus, as the concentration changes from 1.60 to 3.50 or 4.50 at- 
mospheres, top yields increase while water absorption decreases. 
The difference in amount of water absorbed in this case is not 
at all a measure of the change in dry weight. 

Water requirement.—As shown in fig. 12, a decrease in water 
requirement of tops accompanies an increase in the concentra- 
tion of the culture medium. This is true for the T2R4C2 and 
R5C21 cultures throughout the whole range of concentrations 
studied; while for the TiR1C1 cultures it holds only between 
1.00 and 7.00 atmospheres, and for the T7R1C1 cultures only 
between 1.60 and 7.00 atmospheres. · This decrease approximates 
in most cases a straight line; though, for a given change in con- 
centration, there is apparently a more rapid decrease in water 
requirement with the lower concentrations than with the higher. 
This is especially marked for the T2R4C2 and R5C2j cultures, 
between the concentrations 0.50 and 1.60 atmospheres, 
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For concentrations above 1.60 atmospheres the T7R1C1 graph 
lies above the other three for all concentrations. The water 
requirement for these cultures, which are very high in chloride, 
is thus higher than for the other three sets for all concentrations 
between these limits. The graphs for the other three sets of 
salt proportions lie very close together, and cross one another 
frequently, so that there appear to be no significant differences 
between them. 

If equal dry weights in different cultures corresponded to 
equal leaf areas, then the water requirement would of course 
give an approximate measure of the transpiring power per 
unit area of leaf surface; that is, of the ability of a unit area 
of leaf surface to give off water by transpiration.?? It is of 
course not to be expected that equal dry weights do corre- 
spond at all rigidly to equal leaf areas, and hence the use of 
water requirement as a measure of transpiring power would 
be only a rough approximation at best. But the relations that 
have been observed in these studies between concentration and 
water requirement are likely to be approximately the same as 
those between concentration and transpiring power of unit 
leaf area. "Transpiring power might be expected to decrease, 
in the way represented by the graphs, with increasing osmotic 
concentration of the medium surrounding the roots. Trans- 
piring power, for the whole plant, is taken to be practically 
identieal with water-absorbing power, measured by total water 
absorption. 

The graphs for the water requirement of roots (fig. 12) 
show the same general features as those already described for 
tops. There is a general decrease in the water requirement 
of roots with an increase in concentration of the culture medium. 
The graphs frequently cróss, and all have about the same slope, 
though above 3.50 atmospheres the TIR1CI graph falls’ less 
rapidly than do the others. 

The water requirements of roots may be taken as an approxi- 
mation of the water-absorbing power of the roots per unit root 
weight and also of their absorbing power per unit area of root 
surface. This is seen to decrease with an increase in the osmotic 
concentration of the medium surrounding the roots, as might 
be expected on physico-chemical grounds. 


= Livingston, В. E., The resistance offered by leaves to transpirational 
water lost, Plant World 16 (1913) 1-35. Livingston, B. E., and Hawkins, 
Lon A., The water-relation between plant and soil, Publication Carnegie 
Inst. Washington 204 (1915) 5-48. 
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GENERAL CONCLUSIONS 


| А mass of experimental data such as is furnished by the pres- 
ent study suggests a very large number of questions and inter- 
pretations pertaining to the numerous details of the results. But 
it is desirable that the first analysis of these results should refer 
to none but the more broadly general problems. Only these 
general relations have been included in this study and, of these, 
those pertaining to the appearance of the plants and the dry 
yields have received principal attention in this discussion. 

It appears that the growth of these wheat plants for twenty- 
four days was nearly the same, whether a nutrient solution con- 
taining (1) Tottigham's four salts, (2) Shive's three salts, or 
(3) the latter with potassium chloride was employed, provided 
the set of salt proportions giving the best growth was selected 
in each case. These three types of solutions appear to have 
been equally efficient for promoting the growth of the plants. 
The four-salt solution with potassium chloride apparently offers 
no advantages or disadvantages, as compared with either of the 
mixtures previously studied systematically. It was found that 
the presence of potassium chloride exerted no marked influence, 
at least for the total concentration principally studied (1.60 at- 
mospheres), when the four salts were used in the proportions 
giving highest top yields; and the best four-salt solution with 
potassium chloride contains the other three salts in nearly the 
same relative proportions as those in which the same salts occur 
in Shive's best three-salt solution of the same total concentration. 

No injurious or retarding effect was observed that could be 
definitely ascribed to high partial concentrations of potassium 
chloride, even when this salt made up 0.9 of the osmotic value 
of the solution; and no characteristic injury was seen that could 
with certainty be related to the chloride. Retardation of growth 
associated with high chloride content of the culture solution 
appeared to be due to the accompanying low concentrations of 
the other three salts rather than to high partial concentration 
of the chloride. It is possible that a rather pronounced chlorosis 
may have been related to a high chloride content of the solution, 
but the evidence is not definite upon this point. 

While it seemed to be impossible to: obtain better growth of 
these plants in the four-salt solution containing potassium chlo- 
ride than in Shive's best three-salt solution, there is some evi- 
dence, nevertheless, that poorly balanced proportions of Shive's 
three salts may have been improved for the growth of the plants, 
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especially with reference to root yields, by the addition to the 
solution of a proper amount of potassium chloride. 

Since the wheat plant is not very sensitive to changes in 
concentration of potassium chloride, the osmotic value of the 
solution must be changed when potassium chloride is added 
in large enough amounts to cause a physiological response. If 
the nutrient solution is to remain the same in total osmotic value, 
the concentrations of the other three salts must be decreased 
when potassium chloride is added to give high partial concen- 
trations. It is impossible to decide whether such plant responses 
as are thus obtained are due to the high partial concentration 
of the chloride or to the low partial concentrations of the three 
other salts. This dilemma was always encountered in seeking to 
obtain evidence on the points just mentioned, and this whole 
general problem is too complicated to treat experimentally. 

It is also difficult to interpret the results in such a way as 
to determine the action of the chlorine ion (Cl), as such. 
The problem is complicated by the fact that additions of the 
chlorine ion to the nutrient solution were always accompanied 
by equal additions of the potassium ion. It is possible that such 
additions of the potassium ion may have modified any effects 
of the chlorine ion that might have been observed under other 
conditions, 

Data on root development are never so easily interpreted as 
are those on the development of tops in such plants as wheat, 
& difficulty experienced also in the present study. But effects 
upon the root system afe of especial physiological importance, 
because this is the part of the plant that is in immediate contact 
with the culture solution, and it is through the roots that all the 
water and salts absorbed by the plant must enter. It appears 
to have been true, in a general way at least, that those salt pro- 
portions of the four-salt solution with chloride that gave high top 
yields also gave high root yields. Conversely, salt proportions 
giving low top yields generally gave low root yields also. This 
statement is the opposite of the one given by Shive, based upon 
his studies with the three-salt solutions. It is possible that the 
addition of the chlorine ion to the ones already present in the 
three-salt solution, or some special influence of potassium chlo- 
ride, may account for this difference. The general indefiniteness, 
however, of the root data makes superfluous a further discussion 
of this point without further experimentation. 

Certain of the sets of salt proportions with chloride produced 
а characteristic form of leaf injury, which was observed in 
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Tottingham's and in Shive's studies, and has been termed "mag- 
nesium injury" by Tottingham. The plants giving lowest yields 
in all three studies exhibited this form of injury, and all three 
Studies support the conclusion that the occurrence and sever- 
ity of this injury is related to the ionie ratio of magnesium 
to calcium in the culture solution. This is the only case brought 
out by any of these three studies (Tottingham's, Shive's, and 
the present one) in which a clear relation may be regarded as 
demonstrated between the value of an ionic ratio and the de- 


velopment of the plant. The occurrence of this injury was, in. 


general, not altered by the presence in the solution of potassium 
chloride, except perhaps with very high proportions of that salt. 
In the present study the greenness of the foliage was roughly 
proportional to the severity of the injury, the color being darkest 
green in the most severely injured plants. Only two sets of 
Salt proportions producing this injury were tested with total 
concentrations other than the one generally employed in this 
Study; but these agreed in showing that both Severity of injury 
and intensity of color increased with increase in the osmotic 
value of the solution. The plants in the most dilute solution 
(0.50 atmosphere) were markedly chlorotic. ; 

The occurrence of magnesium injury is apparently limited, 
as has been stated, by the value of the Mg/Ca-ratio. With solu- 
tions having an osmotic value of 1.60 atmospheres this injury is 
to be looked for, under the conditions of the present study, when 
the value of the ratio Mg/Ca is greater than 1.70. Also, the 
plants may be expected to be without this injury when this ratio 
value is below 0.80. Since neither Shive nor Tottingham de- 
tected any injured plants in their series of lowest concentrations, 
and since in series IV of the present study injury was found to 
increase with increase in concentration, it may be expected that 
these approximate limits will differ with difference in the total 
concentration. 

The solution giving highest top yields with a total osmotic 
value of 1.60 atmospheres (T2R4C2) contained the four salts in 
the following partial volume-molecular concentrations: 0.0047 
M calcium nitrate, 0.0138 М monopotassium phosphate, 0.0081 
M magnesium sulphate, and 0.0067 M potassium chloride. This 

solutionis not very different from what would be obtained by 
diluting Shive's best solution for wheat to an osmotic value of 


1.28 atmospheres, and then adding sufficient potassium chloride ' 


to give a partial volume-molecular concentration of this salt 
of 0.0067 M. Shive’s best solution contains the other three 
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salts in the following partial volume-molecular concentrations: 
0.0052 М calcium nitrate, 0.0180 M monopotassium phosphate, 
and 0.0150 M magnesium sulphate. The two solutions differ 
in the value of the Mg/Ca-ratio, which in Shive's solution has 
a value of 2.88, while in the four-salt solution with chlorine it has 
a value of only 1.72. As would be expected from this difference 
in the Mg/Ca-ratios, magnesium injury was less pronounced 
in the four-salt solution than in Shive's best solution. The best 
solution with chloride for tops has quite different salt propor- 
tions from Tottingham's best four-salt solution without chloride, 
. which has potassium nitrate instead of potassium chloride and 
has а higher partial concentration of calcium nitrate. 

The four salts used by Tottingham (potassium nitrate, mag- 
nesium sulphate, caleium nitrate, and monopotassium phosphate) 
are the same as are employed in the solution generally called 
Knop's solution, and the three salts used by Shive (magnesium 
sulphate, calcium nitrate, and monopotassium phosphate) are 
those used in the Birner and Lucanus solution. Likewise, the 
four salts used in the present study are the same as those of the 
solution that has come to be known as Detmer's, which contains 
the four salts in the following volume-molecular proportions: 
0.0130 M calcium nitrate, 0.0039 М monopotassium phosphate, 
0.0044 M. magnesium sulphate, and 0.0072 M potassium chloride. 
In the case of each of the three solutions, it has been found that 
the well-known solution could be markedly improved for the 
growth of wheat by altering the salt proportions. Аз indicated 
in the present study, Detmer's solution may be expected to give 
only about 0.80 as high top yields as does solution T2RAC2. It is 
important to note that at least thirty out of the eighty-four 
different sets of salt proportions employed in the first series of 
this study gave higher yields than the one indicated for the 
Detmer proportions. 

It is worthy of particular attention that, with an osmotic value 
of 1.60 atmospheres or higher, the Shive three-salt mixture pro- 
duced magnesium injury when the salt proportions were such 
as to give the highest yield of tops. This was also true of the 
four-salt mixture of the present study in the first series; but the 
solution giving highest top yields did not exhibit this injury in 
the second series. Tt has been suggested that increased growth 
is the first response to agents or cireumstances which would’ 
prove injuriously toxic in greater concentration or on longer 
exposure; in other words, that slight poisoning, such as is caused 
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by magnesium, is essential for the greatest dry weight of tops. 
The problem thus suggested will not be discussed here, but it 
is important to consider what salt proportions may be expected 
to give the highest top yields without magnesium injury. The 
results of the first two series indicate that either solution 
T3R3C3 or T2R34C34 may fulfill these requirements. An 
examination of Shive's data makes it appear that his solution 
R7C2, having an osmotic value of 1.75 atmospheres, should pro- 
duce highest top yield without magnesium injury. The various 
characteristics of the solutions just mentioned are brought 
together for comparison in Table 17. 

From a study of the osmotie properties of the nutrient solu- 
tion, as distinguished from its chemieal properties, it was found 
that the optimum concentration for the yield of tops corresponded 
to an osmotic pressure of about 1.60 atmospheres, at 25? C., when 
the salt proportions were those of solution T2R4C2. The indi- 
cations are that for these salt proportions the optimum 
concentration may be somewhat higher than 1.60 atmospheres, 
-rather than lower. From the results of the present study this 
statement is true also for a three-salt mixture which would be 
designated on Shive's composition triangles as R5C21 and which, 
therefore, very closely resembles his best three-salt solution 
for wheat tops. 

The optimum concentration was found to be markedly higher 
for two other sets of salt proportions of the four-salt solution 
used in this study. The osmotic value was 3.50 atmospheres for 
solution T1R1C1 and 4.50 atmospheres for solution T7RIC1. 
These two solutions had salt proportions that gave relatively 
low top yields, and the yields from their optimal concen- 
trations were very much lower than those obtained from 
the optimal concentration of solution T2R4C2, which had the 
best proportions for top yield. It may be tentatively concluded 
that solution T2R4C2 with an osmotic value of 1.60 atmospheres, 
or perhaps a little higher, is about the absolute optimum for these 
four salts, for the frequency of solution renewal and for the 
plants employed, and for the general greenhouse conditions and 
length of growing period of the present study. 

It seems worth while to lay stress upon some of the prominent 
considerations that must be constantly borne in mind in trying 
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TABLE 17.—Characteristics of the four-salt solution with chloride giving highest yield of tops, 


are of comparative interest, 


and of various 


other solutions that 
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1 
| 
| 
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c" S 
Salt proportion, Cation-ratio value. 
Designation of solution. rz 
Ca(NOs)2 рег liter. | KHzPO4 per liter. | MgSO4 per liter, | KC! per liter, KNOa per liter. 1Mg/Ca. Mzg/K.| Ca/K. 
Four-salt solutions with KCl (1.6 а | g. mol, 9. g. mol, g. 9. mol. 9. 9. mol. ge о. тої. g. | 
mospheres): i 
Best for wheat tops (T2R4C2)._____| 0. 0041 0.771 0.0138 1.879 0.0081 0.975 0.0067 0.450 1.12 0.40! 0.23 
Best for wheat tops without mag- 
nesium injury, Series L(T3R3C3).| 0.0072 1.181 | 0.0103 1.402 | 0.0038 0.457] 0.0101 0.53 | 0.19| 0.35 
| Series I1 (T2R3.5C3.5)___..-.. 0.0085 | 1.355 | 0.0121] 1.647, 0.0038 | oast] 0.0067 0.45 | 0.20 | 0.45 
Detmer (TZI6R120C5.4). ... 0.0130 2.132 0,0039 0, 532 0. 0044 0. 532 0.0072 0.34 0.40} 1.17 
| Three-salt solutions (1.75 atmospheres) 
(Shive): 
Best for wheat tops (Е5С2)......_. 9. 00521 0. 853 0.0180 2.451 0.0150 0.83 | 0.29 
Best for wheat tops without mag- | { 
nesium injury (ВТС2)............! 0.0052 | 0.853 | 0.0252] 3.481! 0.0050} 0.602 | os| оо] 0.20 
Four-salt solution (1.75 atmospheres) . 
(Tottingham): T ' | | 
Best for wheat tops (T8RIC4)......; 0.0101 1.657 0.0109 1.484 0. 0081 0.915 * | 0.0344 į 0.80 
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to interpret the experimental results furnished by this study. 
The growth and development of a particular set of culture plants 
is, of course, controlled by the environment, which comprises a 
large number of different kinds of effective conditions. An 
attempt was made in these experiments to control only а small 
number of the conditions that may influence the plant. Of these 
effective conditions of the environment, only the initial concen- 
tration (osmotic value), the initial salt content of the solution, 
the frequency of renewal of the latter, and the duration of the 
experiment were controlled and taken into account. Other con- ° 
ditions that might act upon the plants and might alter the 
influence of the controlled conditions were allowed to vary as 
they did in the experiment greenhouse, without being taken into 
account at all. Among such uncontrolled conditions may be 
mentioned, for illustration, the temperature of the nutrient solu- 
tion and of the air around the foliage, the composition of this 
air, the radiation, etc. 

Since it is apparent that no solution remains unaltered after 
the introduction of the plants, the frequency of renewal of the 
nutrient solution must be considered a very important environ- 
mental condition. It is well known that the absolute plant 
values may be greatly changed by altering the frequency of re- 
newal of the solution, and with any other frequency of renewal 
than the one employed in these experiments the comparative 
results might have been very different from those recorded in this 
paper. Other changes in the comparative plant values might 
have been induced by aérating the culture solutions. The tem- 
perature of the culture solution also must have an important 
effect upon the comparative plant values. With other solution 
temperatures than those employed, the comparative values 
obtained might have been very different from those that were 
obtained in these studies. 

It appears probable that any given set of solution conditions 
may produce very different effects upon the plant according to ` 
the kinds and intensities of the conditions other than the solution 
that are effective. If two duplicate series of different sets of salt 
proportions or of different total concentrations of the nutrient’ а 
solution were carried out, one with higher air temperature òr! 
with more sunshine than the other, it might well happen that the / 
Я comparative plant values obtained from опе series might be very 

different from those obtained from the other. It seems possible, 
for example, that lower optimal concentrations might have been 
obtained in series IV under aérial conditions that favored higher 
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rates of transpiration. It may be added that the length of the 
period during which the plants are exposed to the environmental 
eonditions is unquestionably very important in determining the 
nature of such results as were obtained in the present study. In 
consequence of these considerations, it is evident that conclusions 
drawn from this study can be regarded as applicable only for 
nonsolution conditions that are not greatly different from those 
encountered in these experiments. As has been mentioned, these 
conditions were, in a general way, those of a greenhouse in the 
: winter and spring in the temperate region. 

Aside from the conditions of environment there is of course 
another set of conditions that is very influential in determining 
plant activities. This is the group of internal conditions, which 
are effective from within the plant body itself. Ali that can be 
done toward the control of these internal conditions must be 
‘accomplished either by employing for the experiments plants 
that are as nearly alike internally as possible, or by subjecting 
the available plants to thoroughly controlled environments for an 
adequate period to make them alike. In this work, as in most 
experimentation of this kind, considerable care was exercised to 
employ plants, for the different cultures of any series, that were 
very nearly alike in size and general appearance.. This method 
is clearly not entirely satisfactory, but it is about as good as 
the present state of our knowledge permits. Of course it is 
evident, just as in the case of the environmental conditions, that 
the conclusions of this study can be interpreted only with re- 
ference to the particular, initial, internal conditions of the plants 
used. It is not to be expected that the results would have 
been quite the same if some other species or variety of plant 
had been used, or if the plants had been introduced into the 
experiments at a different stage of their development. 

While the somewhat complicated considerations just expressed 
may make such problems as those dealt with in this study 
seem very diffieult, or even practically impossible of solution, 
from our present point of view, yet, physiological progress seems 
to lie in the accumulation of such partial answers to these,ques- 
tions as тау be obtained experimentally, and in the careful 
correlation of these partial answers as they become available. И 
was with’ this idea in mind that the study here reported was 
carried out. "s З 
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ILLUSTRATIONS 


Diagram for series I, showing culture numbers and osmotic pro- 
portions of the four salts. Also, showing the relative dry weights 
of wheat tops; area of low yields (60—77), denoted by small 


circles; area of high yields (100-87), denoted by small erosses; | 


culture giving lowest yield. is marked by a large circle, that 
giving highest is indicated by a large cross. 


. Diagram for series I, showing leaf injury; cultures marked by 


crosses showed severe injury; those marked by circles showed 
slight injury. 

Diagram for series I, showing relative dry weights of wheat roots; 
area of low yields (56-69), marked by small circles; area of 
high yields (100-80), marked by small crosses; culture giving 
highest yield is marked by a large cross, that giving lowest yield 
is indicated by a large circle. 


. Diagram for series II, showing culture numbers and osmotic pro- 


portions of the four salts. Also, showing relative dry weights 
of wheat tops; area of low yields (69-77), marked by small 
circles; area of high yields (100—92), marked by small crosses; 
culture giving lowest yield is marked by a large. circle, that 
giving highest is indicated by a large cross. 

Diagram for series II, showing leaf injury; cultures marked by 
crosses showed severe injury; those marked by circles showed 
slight injury. 


. Diagram for series II, showing relative dry weights of wheat roots; 


area of low yields (56-69), marked by small circles; area of 
high yields (100-80), marked by small crosses; culture giving 
lowest yield is marked by a large circle, that giving highest yield 
js indicated by a large cross. 

Diagram for series JII, showing culture numbers and osmotic pro- 
portions of the four salts. Also, dry weights of tops; high yields 
marked by triangles; low yields marked by squares. 

Diagram fór series III, showing leaf injury; cultures marked by 
triangles showed severe injury; those marked by squares showed 
slight injury. 

Diagram for series III, showing dry yields of roots; high yields 
marked by triangles, low yields marked by squares. 


. Graphs of average actual yields (grams) of wheat tops for series 


IV. Also, average actual yields (grams) of wheat roots for 
series IV. TM 


Graphs of average total amounts of water absorption | tee.) to, 


series IV. 
Graphs of average water requirement of tops and of roots, , for. 


series IV. i Ў 
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А NEW GENUS OF MYRSINACEAE FROM THE 
ў PHILIPPINES 


By ELMER D. MERRILL 
Director ата Botanist, Bureau of Science, Manila 


APOIA genus novum 


Flores hermaphroditi, 5-meri. Sepala imbricata, usque ad 4 
connata, subcoriacea, epunctata. Petala usque ad 1 connata, im- 
bricata, per anthesin patentia, epunetata. Antherae 5, disco 
petalis adnato insidentes, quam petalis multo breviores, basifixae, 
rimis longitudinaliter subintrorsae dehiscentes, staminodeis bre- 
vibus. alternantibus. Ovarium glabrum, ovoideum, 2-loculare, 
loculis 1-ovulatis, ovulis a basi erectis; stylo cylindrico, brevi. 
Fructus ellipsoideus, baccatus, breviter mucronatus, 2- vel 1- 
spermus. Semen ellipsoideum vel plano-convexum, albumine 
laevi, endocarpio crustaceo. Arbor glabra, epunctata, foliis al- 
ternis, integris vel leviter undulatis, petiolatis, glabris, petiolo 
apice 1- vel 2-appendiculato-glanduloso. Inflorescentiae axillares, 
paniculatae, multiflorae, flores spicatim dispositae, bracteolatae. 


APOIA MACROCARPA (Elm.) comb. nov. 
Discocalyx macrocarpa (Elm.) Leafl. Philip. Bot. 8 (1915) 2781. 


The form described by Elmer as Discocalyz macrocarpa is 
represented by three collections from Mount Apo, Davao District, | 
Mindanao, Elmer 11867, 10660, 10553, of which two are in flower 
and one is in fruit. The species occurs in primary forests at 
altitudes from 750 to 1,100 meters, and is locally known to the 
Bagobos as pamaluyan. 

The original description is very long, yet several very im- 
portant characters are not mentioned, these being the presence 
of staminodes alternating with the stamens; the 2-celled ovary, 
each cell with a single basal ovule; and the often 2-seeded fruit. 
The peculiar appendiculate-glandular petiole character is men- 
tioned although this is not emphasized. At the junction with the 
lamina each petiole is provided with one, or more usually two, 
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rather stout, spreading or subappressed, appendaged glands, 
these often being 1 mm or more in length. 

I do not consider that the species can possibly be placed 
in Discocalyx, and it is so anomalous in the Myrsinaceae that 
I am by no means certain that it really belongs in this family, 
although in spite of its anomalous characters it seems to be 
better placed here than in any other group. The entire ab- 
sence of the punctate glands in the vegetative and floral organs; 
its 2-celled ovary, each cell with a single basal ovule; its ellip- 
soid, 2- or, by abortion, 1-seeded fruits; and its appendiculate- 
glandular petioles are anomalous characters in the Myrsinaceae, 
while staminodes are rare in the group, being confined to the 
quite unallied genus Варапеа. If it is properly placed in the 
Myrsinaceae, it is probably as close to Discocalyx as to any other 
proposed genus. 


LOW-SUN PHENOMENA IN LUZON 


ПІ. MARINE SUNSETS AND THE DURATION OF SUNSET ON MANILA 
BAY AND THE CHINA SEA 


By WiLLARD J. FISHER 
Assistant Professor of Physics, University of the Philippines 


In as much as the sun's upper limb might be supposed to de- 
scend at end of sunset to the level occupied at beginning by the 
lower limb, one would expect the duration of sunset over a water 
horizon to be unaffected by atmospheric refraction. If this were 
the case, the duration could be computed from Nautical Almanac 
data, and would depend only on the observer's latitude and 
altitude, and the declination of the sun. Having accidentally 
found that the observed duration was in one case greater than 
. the computed by an amount not to be laid to errors of observa- 
tion, I have been interested to follow the matter further. 

In the astronomical triangle PZS, whose sides are complement 
of latitude 90° — v, complement of declination 90° —3, comple- 
ment of altitude 90°—h, : 

sin h—sin y sin 8 + cos y cos à cos P. 
If in this we take ¥ and 9 constant and differentiate, we have 
— 4 cos h dh 
ар -————————,. 
cos y cos 8 sin P 

If dh is in arc minutes, the factor 4 gives dP in time seconds. 
In our problem, dh is the angular diameter of the sun; dP is ihe 
duration of sunset; № is the angular elevation of the sun's center 
at midsunset, and may be got from the height of the eye and 
horizontal refraction; it is so small that its cosine is nearly equal 
to 1, and so k need not be known very accurately; P is the sun's 
hour angle at midsunset, computed from Nautical Almanac data 
or observed; for all the sunsets observed P is not far from 90°, 
and its sine is insensitive to small errors; $ and s are supposed 
accurately known. 

Table 1, with explanatory notes, shows the results obtained 
during December, January, and April, 1918, 1919, and 1920, at 
Manila, at San Fernando, La Union, and in Benguet, computed 
with four place logarithms. А 
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TABLE 1. 
| Duration. Contacts, | 
& : Remarka. ' 
No. | Date. | op. | com. | Difer-| $| 21 4 | 2 | 
served. | puted. ence, E È | 
1918 | Seconds. | Seconde. | Seconds. | 
1| Dec. 22 159.8 147. 45 B | 
1919 
? Jan. 145.5 146.6 — 1.1 1 | 
3 | Jan. 10 156.5 146.1 +10, 4 0 B ..| Colton phenomena. 
4| Jan. 11 164.0 146.7 E. | 
5 | Jan. 18 148.0 | 144.3 -.| Harbor breakwater as , 
horizon. ! 
6| Jan. 22 147.0 | 143.6 ' 
7, Jan, 23 146.0 143.4 
8|Jan.24| 169.0) 143.2 | 
9 | Jan. 26 163.0 | 143.0 ү 
10 | Jan. 27 153.0 142.4 Colton phenomena. | 
Ц | Jan. 29 | 150.5) 141.9 Do. | 
12 | Jan. 31 152.0 | 1414 Colton phenomena weak. | 
13 | Apr. 16 133.0 134.7 -| Mount Mirador. Colton ' 
phenomena. 
М | Apr. 18| 1365! 184.8 | +1т| 2 УЧ een ru Mount Mirador. Colton | 
phenomena strong. 
15 | Apr. 19 136.0 136.0 + 1.0 |------ t yr: Do. 
16 | Apr. 20 158.0 184.9 ве ? : M 3] Mount Mirador. Colton 
phenomena. 
17| Apr. 21 136.0 | 136.2 San Fernando. 
^1 | рес. 9} 145.8) 148.6 | 
19 | Dec. 12 147.1 148.9 
1920 
20 | Jan. 8 159.0 148.5 Slight rain. 
21 | Jan. 12 150.2 145.8 
22 | Jan, 18 148.5 144.4 
23 | Jan. 20 143.6 | 1440 —0.4| 0 |---... в а | Colton phenomena weak. 
24 Jan, 21| 17| 1439 | —22| 2| A | b |... Colton | phenomena 
marked. 
25 | Jan. 22 142.3 143.6 — 18 0 A a a 
26 | Jan. 23 143.0 143.4 — 0.4 1 А 
21 | Jan. 24 142.9 | 143.2 оз o| A 
28 | Jan. 25 144.1 143.0 + 1.1 0 A 
29 | Jan. 26 143.9 142.9 +10 0 A 
30 | Jan. 27 147.1 142.5 +46] 0 B. lilii. Colton phenomena 
marked. 
31 | Jan. 28 165.2 142.2 +23.0 0 B 
82 | Jan. 29 163.0 142.1 +20.9 0 B 
33 | Jan. 30 145.1 ML8 + 3.3 9 B 
34 | Jan. 31 156.6 | 141.5 415.1 | 0 в а а | Colton phenomena 
35 | Feb. 1| 149.5 | мз | +82| 0 ond 
96 | Feb. 2 145.4 141.1 + 4.3 о 
37 | Apr. 2 134.4 184.4 0.0 о San Fernando Point 
Ар Lighthouee, 
. 0 A a в |San Fernando. Colton 
phenomena weak. 
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TABLE 1— Continued. 


Duration. Contacts, 
No. | Date. g ; R k 
Ob- Com- |Diffe- | £ | & | 1 | g Sn 
served. | puted. | ence. | Я | È | 


1920 | Seconds. | Seconds. | Seconds. 


39| Apr. 4 184.5 134.8 — 0.3 t A a а | Colton phenomena 
marked. 
40 | Apr. 5 134.5 134.5 0.0 0 A a а |San Fernando. Colton 


phenomena weak. 
41 | Apr. 6 134.9 134.6 +03) 0 А b b | Cotton phenomena? 
Apr. 24 158.8 136.9 +21.9 H Mount Mirador, Colton 


42 
phenomena very 
strong. End a thin 
| blue line. 
| ! 


No. 1 was made with a stopwatch whose rate was unknown; 
Nos. 2 to 17 were made with the seconds hand of an ordinary 
watch, whose error was constantly checked by the time ball of 
the Manila Observatory, and with either a field glass, a galvano- 
meter telescope, or the naked eye, with suitable protection. 

When a field giass (a Lemaire 4-power, Galilean) was used 
with an ordinary watch (Nos. 10 to 17) the left-hand eyepiece 
was removed and the watch held in front of the left-hand ob- 
jective, at such a distance that to the left eye the dial, to the 
right eye the horizon, were both clearly visible. It is difficult 
to attend to both images at once, but with practice an accuracy 
of better than a second can be attained. 

Nos. 18 to 86 were made with a 4 second stopwatch (works 
marked Leonidas W. Fy., Switzerland), and a galvanometer tele- 
scope with smoked plane spectacle glass covering the objective. 
This helped greatly in observing lower (first) contact, during the 
cool months when the sun is very brilliant even near the horizon, 
but tended slightly to obscure upper (second) contact and so to 
shorten the observed duration of sunset. 

The correction of the stopwatch was found by averaging five 
runs of 1 hour each, 30 minutes each, 10 minutes each, and 1 
minute each (twenty runs in all), and was found to be exactly 
proportional to the length of the run within limits of starting 
and stopping errors, and equal to +0.2 sec./min. In all tests 
and observations initial error (flyback) was allowed for. 


> 
v 
5 
2 


Feeling that Nos. 1 to 36 had established the existence of dif- 


ferences between computed and carefully observed durations of 
sunset, and as I believed that the explanation must lie in peculiar- 
ities of atmospheric refraction, the month of April, 1920, was 
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spent in observing low-sun phenomena at San Fernando Point 
Lighthouse, La Union, and at Baguio. For sunset observing, 
with the hope of making approximate determinations of atmos- 
pheric refraction at both lower and upper contacts and at stations 
from sea level to an elevation of more than 2 kilometers, the 
apparatus taken consisted of a watch with a high-grade Elgin 
movement, a } second stopwatch (works marked Mont Brillant 
W. Fy. Switzerland), a 10-power galvanometer telescope with a 
light camera tripod, ancroid barometer, thermometer, sling psy- 
chrometer, etc. The stopwatch had been carefully rated, as had 
been done with the other one mentioned above; its rate correc- 
tion was —1.1 sec./min., its flyback correction --0.1 second, both 
constant. This watch was used for Nos. 37 and 42; it balked in 
the middle of No. 38, and the other sunsets at San Fernando 
Point Lighthouse, Nos. 39 to 41, were timed with a National 
Park stopwatch, which the keeper in charge, Mr. Fernando Quin- 
tos, kindly allowed me to use. Its correction was found to be 
+0.06 sec./min., constant. I had hoped to use an engineer's Y- 
level for this work, with a chronometer, but the nonarrival of 
the chronometer made the Y-level superfluously accurate. 

No. 37 was observed with stopwatch and field glass; Nos. 39 to 
42 with 10-power galvanometer telescope on tripod, stopwatch, 
and watch, thus; at lower contact the stopwatch was started, 
then stopped at an instant known by the watch, started at another 
known instant, and stopped at upper contact. Thus not only 
the duration but also the standard time of each contact was 
determined. 

The sun sets at Manila in a water horizon between Corregidor 
Island and the promontory of Bataan Province, for a few weeks 
before and after the winter solstice; at other times of the year 
the sunset is over a land horizon. Before the solstice in 1918 I 
made no duration observations, not having any idea that they 
could be of interest; before the solstice of 1919 continued cloudi- 
ness made observations at Manila impossible up to December 9, 
1919. I was absent from the city during the Christmas recess, 
when I had hoped to make observations on the duration of sun- 
rise from points on the Pacific shores of Luzon, but again 
cloudiness prevented. 

_ Nos. 1 to 12 were made on the sea wall along the Cavite Boule- 
vard, Manila, at a point in latitude north 14° 34.4’, longitude 
east 8 h. 3 m. 55.2 s., by the City Map of the Bureau of Com- 
merce and Industry; Nos. 18 to 36 were made on the sea wall a 
little farther south, latitude north 14° 34.3’, longitude east 8 h. 
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3 m. 55.4 s. Depending on the state of the sea, the eye was 3 
to 6 feet above actual sea level. For these locations the ex- 
tremes for duration of sunset, computed from Nautieal Almanac 
data, are approximately , 


. Seconds. 
Autumnal equinox 132.0 
Winter solstice ` 147.6 
Vernal equinox 133.1 
Summer solstice 143.0 


Nos. 13 to 16 and 42, were made at the Meteorological Observ- 
atory, Mount Mirador, Baguio, Benguet, latitude north 16° 25”, 
longitude east 120° 36’; the elevation of the standard barometer 
cistern is 1512.5 meters, and this is nearly the height of the eye 
in observing. At this point, during a large part of the year 
the sun sets in a sea horizon of the China Sea, beyond the Lin- 
gayen Gulf and the land about Cape Bolinao. 

No. 17 was made at a point on the beach of San Fernando 
Harbor, La Union, 270 paces northward of the old pier at the 
end of Calle Coronel Duvall. Measurements on a Coast Survey 
chart locate this point in latitude north 16° 37.3’, longitude east 
120° 18.5’; height of eye about 5.5 feet. From this point the 
line of sight at sunset passed over the surf of the south coral 
reef at the harbor entrance and just cleared San Fernando Point. 

Nos. 37 to 41 were made at San Fernando Point Lighthouse, 
La Union, latitude north 16° 87’ 02’, longitude east 120° 16’ 33”; 
No. 37, from the lighthouse balcony, with the eye at about the 


‘level of the lamp, 107 feet; the others, on the ground at the base 


of the tower, with the eye about 84 feet above the level of the 
sea. The state of the tide was not considered in computing. 
The horizon is a sea horizon from north to west southwest, 
where the islands and land of Cape Bolinao are dimly seen. 

In the table, the sixth column, headed “Mirage,” indicates 
whether in any direction there was visible the lifting or floating 
of land on the horizon, called “looming” by some Cape Cod 
fishermen. At Manila the sandspit of Cavite, Corregidor Is- 
land, and the land near Mariveles, in Bataan Province, served 
as tests; at San Fernando, the coast north and south, but partic- 
ularly Santiago Island beyond the Lingayen Gulf. 0 means 
definitely no mirage observable; 1 and 2, definite or very strongly 
marked mirage ;? means mirage possible but not certain; leaders 
indicate here, as elsewhere in the table, no record. | 

Column 7 indicates the type of sunset, А or B, on which вее а 


later paragraph. 


diye 
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Columns 8 and 9 give data about the contact of 1, lower, and 
2, upper limb with the horizon; 1, indicates a suspicion that the 
instant recorded was actually a little tardy; a, perfect contact 
without blurring; b, less perfect but quite definite. | 

In the column “Remarks,” “Colton phenomena,” refers to those 
peculiar deformations of the sun’s limb and face which were 
first accurately recorded by A. L. Colton,’ whose sunset photo- 
graphs made in 1893 still adorn the corridors on Mount Hamilton. 
These deformations are always present as little ripples on the 
edge, and may be exaggerated into steps, or notches, or incised 
gashes, or projecting horns, or the disk may even be split or 
doubled. They are frequently notable at sea level; at Mount 
Mirador they are sometimes quite wonderful. They deserve 


. photographie record and careful study, as they afford an optical 


analysis of the atmosphere from sea level to a great height. 

In the course of these observations I have distinguished two 
types of marine sunset, A and B. 

Type A occurs always when mirage is perceptible, and some- 
times when it is not, and its observed duration was very nearly 
equal to the computed, and more nearly as practice and experi- 
ence gave skill in observation; the agreement is best in those 
eases where an unshaded telescope and a stopwatch were used, 
as in Nos. 89 to 41. As the descending sun, vertically com- 
pressed by astronomical refraction, approaches the sea horizon, 
a protuberance of more or less flatness grows out below, and 
almost simultaneously a line of light appears in the sea 
horizon, which lengthens horizontally and thickens upward till 
the protuberance and the line join; the moment of this junction 
I have called lower contact, i. For about half the duration of 
sunset the sun presents the appearance of an inverted fish globe, 
whose mouth rapidly widens to the sun's diameter; from then 
on the vanishing disk looks like an ellipse much flattened below, 
and vanishes аз а small elliptical spot, at upper contact, 2. 
This spot does not sink below the horizon; it “goes out." 

Type B never occurs simultaneously with a perceptible mirage, 
and its observed duration was always greater than the computed, 
by even as much as 20 or 25 seconds. The descending sun flattens 
below as it approaches the horizon, which is not always easy to 
see under it, being comparatively dark. The corners of the disk 
as it passes below the horizon are rounded, instead of projecting 


: * Colton, A. L., Sunsets at Mt. Hamilton—some curious effects of refrac- 
tion, Contributions from the Lick Observatory, No. 5 (1895). 
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like the rim of a fish globe, until about midsunset; then the re- 
maining half-disk begins to show a rim, so that it looks for a time 
not unlike the “tin hat" or trench helmet of the American Expedi- 
tionary Force. This flattens down in the middle faster than it 
shortens horizontally, becomes a line of light, and disappears in 
dots and dashes among the waves, if the horizon is near. The 
disappearance is slow, not like the vanishing of the spot at end 
as in type A. 

I have no definite evidence to explain these two types, my 
attempts to determine refraction-not having been successful in 
enough cases to warrant a conclusion. But as type A is always 
associated with horizon mirage, if that is observable, it is doubt- 
less due to the same cause, a reversal of the normal gradient of 
the atmospheric refractive index in the lower layers of the at- 
mosphere. This would explain its peculiarities, 

By analogy, type B would be due to an intensification of the 
normal gradient, in the lower layers of the air. If this were 
great enough, it would cause light to follow the curve of the ocean 
surface, so that objects would be visible at distances indefinitely 
great, or until the light had all gone by absorption. That consid- 
erable intensification of the normal gradient occurs is the reason 
why islands are sometimes visible at unusual distances at sea, as 
observed from the steamer “Venezuela” in June, 1918, when is- 
lands were plainly seen to the north while the ship was in a 
position between Shimonoseki and Quelpart Islands, and nearing 
the latter. One of the navigating officers told me that from that 
or any neighboring position he had never before seen these 
islands in several voyages. Objects on the shore of Martha’s 
Vineyard are sometimes visible over the curve of the horizon 
from Woods Hole which usually are entirely invisible; this is 
generally most marked under the clouds of a retreating north- 
easter. Such a strengthened gradient would cause a strong 
flattening of the sun’s lower limb, so great that it might become 
difficult to judge the true moment of contact, and one would 
probably estimate it in advance of the truth. There would also 
be a flattening of the upper limb as it approached the ocean 
surface, producing a “tin-hat” form, and a final vanishing line 
of light. The observed excessive durations I would, therefore, 
attribute to hasty judgment of the moment of lower contact; 
though with the utmost caution I have been unable to shorten 
these durations. They are certainly not due to carelessness or 
to inexperience in the use of a stopwatch. 
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Jf these hypotheses are true, type А should always be ac- 
companied by abnormally small refractions; type B, by abnor- 
mally large. 

But No. 42 is explainable by neither hypothesis. It was ob- 
served from high level, 1512 meters, the disk was considerably 
distorted in its descent, there was no material flattening of 
the disk at lower contact or before, yet the end was a thin 
blueline. On account of the difficulty of judging the moment of 
lower contact with a somewhat hazy sea horizon 75 miles away 
I supposed, till I had computéd the duration from the records, 
that lower contact had been nóted too late. Yet the duration 
came out longer by 21.9 seconds than that computed. The dis- 
tortion was such as to prevent an assignment to either type. 

Diffraction at upper contact has also suggested itself as a 
plausible cause for a real, not merely an illusory, prolongation 
of sunset. It could never show itself with a mirage, but a 
normal or an intensified normal gradient would be favorable. It 
would cause an apparent increase of refraction at upper contact 

` as compared with lower. 


MALAYAN BEES 


By T. D. A. CockERELL 
Of the University of Colorado 


The bees described or recorded in this paper were all received 
from Prof. C. F. Baker, to whom we are indebted for greatly 
increasing our knowledge of the species of Borneo, Singapore, 
and Penang. Аз he remarked, these materials are of much in- 
terest to any student of the Philippine fauna, because it is not 
until we know what is found in other Malay regions that we 
can determine the percentage of really endemic Philippine species 
or form any distinct idea of the lines of migration which origin- 
ally populated that area. In other words, the biota of the 
Malay Archipelago and Peninsula must be studied essentially 
as а whole, though this is necessarily а vast undertaking, which 
cannot be completed within the lifetime of present-day workers. 


Genus NOMIA Latreille 


Males, with hind femora greatly enlarged or subglobose. pachypoda sp. nov. 
Females, or if males, hind femora not greatly еп1агре4............................ 1. 
1. Abdomen with green or green and red tegumentary bands; postscutel- 
lum unarmed 2:0; 
Abdomen without such bands 

2. Abdomen with only three bands (none on first segment); first EAR 
segments metallic; female .. Subpurpurea sp. nov. 
Abdomen with at least four bands (in one Penang male N. strigata, 


the band on first segment has not acquired the green color)... 8.. 


3. Legs at least partly red. tuberculifrons Cockerell, 
Legs black 
4. Bands mainly red, with some yellowish green 
Bands without red... 
5. Males (Penang, 9610) 
Females; clypeus keeled... 

6. Abdominal bands with strong lilae tints (Singapore, 9604). 
strigata (Fabr.) variety. 


Abdominal bands without lilae tints (Singapore, 9606; Penang, 9605). 


strigata (Fabricius). 


T. Abdomen with white or cream-colored tegumentary bands........-...... 8. 
Abdomen without such bands............... lessen ое tee ennt 9. 
8. Base of abdomen largely pale red; scutellum dull. 
leucozonata penangensis subsp. nov. 
Base of abdomen black; scutellum shining............ perconeinna Cockerell. 
615 
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9. Abdomen clavate; males... 
Abdomen not clavate ... D и 

10. Abdomen red at base..... mediorufa morata subsp. nov. 
Abdomen black at base................ eese elongata Friese. 

1i. Abdomen red at base; females... mediorufa morata subsp. nov. 
Abdomen black at base 
12. Scutellum with fulvous tomentum; males.. scutellata remolita subsp. nov. 
Scutellum without fulvous tomentum............ 
18. Larger; wings strongly infuscated apically.. .. incensa sp. nov. 
Smaller; wings little darkened apically (Puerto Princesa, Palawan). 
palavanica Cockerell. 


Nomia pachypoda sp. nov. 

Male.—Length, about 7 millimeters; robust, black with broad 
abdomen; eyes strongly converging below; tongue long and 
slender; maxillary palpi with basal joints dark, apical ones pale 
fulvous; mandibles pale, somewhat reddish; labrum black; face 
densely covered with ocherous hair; front dull; scape with long 
outstanding hair; flagellum bright ferruginous beneath; meso- 
thorax, scutellum, and postscutellum densely covered with felt- 
like fulvous hair; postscutellum unarmed; pleura and metathorax 
with long ocherous hair; basal area of metathorax very small, 
minutely granular; tegule fulvous, rather large but ordinary; 
wings dusky, stigma (which is small and short) and nervures 
pale dusky reddish; basal nervure strongly arched; second sub- 
marginal cell narrow, receiving the first recurrent nervure 
beyond the middle; legs mainly black, with pale ocherous 
hair, but anterior and middle knees, and anterior tibie at 
apex, ferruginous; all the tarsi pale yellow, slightly reddish, 
with the last joint black, abruptly contrasting; hind femora 
enormously swollen, helmet-shaped, the basal slope above shin- 
ing, the apex broadly reddish creamy ; hind tibie pallid at base, 
and gibbous on outer side near base, with a pair of small black 
tubercles; abdomen finely rugose-punctate; first segment with 
erect ocherous hair; second and following segments with ocher- 
ous hair bands; sixth and seventh appearing entirely pallid; 
fourth ventral segment broadly emarginate, keeled in the middle. 

Singapore (Baker 9982), type; also one from Penang (Baker 
9981). 

Nomia subpurpurea sp. nov. 


Female.—General appearance and color of abdominal bands 
(emerald green tinged with vermilion) as іп М. iridescens rhodo- 
chiora Ckll; first and second abdominal segments metallic as 
in typical iridescens. The face is longer in proportion to its 
breadth than in true iridescens. It is readily known from both 
iridescens proper and rhodochlora by the larger, flattened 
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scutellum, which is. entirely dull, with a granular surface. 
Tegule fulvous, black in front and narrowly at base. Wings 
dusky. 

Singapore (Baker). 
Nomia tuberculifrons Cockerell. 


Both sexes from Singapore (Baker). The male is new; it 
differs by being less robust; the scape entirely red in front; 
third and fourth antennal joints conspicuously red; lower half 
of clypeus ferruginous, shining, with very few punctures, upper 
half keeled, labrum and mandibles red; hind legs slender and 
simple, except that the tibiæ are broadened apically, and the 
apical portion is bent or twisted out of a line with the rest. 
The abdomen has five pale green bands, slightly tinged with 
red. The nervures are pale fuscous, not black as described for 


N. erythropoda, but in general the description: of erythropoda , 


agrees well, and it is possible that tuberculifrons is erythropoda, 
or a race of it. 


Nomia selangorensis sp. nov. 


Female.—Length, about 9 millimeters; robust, black, first 
four abdominal segments with tegumentary bands, which are 
pale vermilion, with some green, mainly on first segment; hair 
of cheeks white, of vertex sooty, of face whitish; mandibles 
black; clypeus strongly keeled, shining on each side of the keel; 
front dull and minutely granular; flagellum bright ferruginous 
beneath; mesothorax and scutellum dull and minutely granular; 
area of metathorax a transverse sulcus crossed by delicate 
raised lines; hair of mesothorax and scutellum scanty and black, 
of postscutellum dense and pale ocherous; tubercles fringed with 
pale ocherous hair; tegulz fulvous, dark in front; wings dusky, 
stigma and nervures dusky reddish; first recurrent nervure 
joining the rather broad second submarginal cell not far from 
end; legs black, with pale hair, tarsi chestnut red apically; hind 
basitarsi broad, and with fulvous hair on inner side; abdomen 
polished and shining, with very minute scattered punctures; 
first segment at sides with erect brownish ocherous hair; the 
second and third segments have very scanty short dark hair, 
appearing bare at first sight. | 

Malay Peninsula, Selangor (Baker 9612). From such species 
as N. strigata this is known by the polished abdomen. 


Nomia leucozonata penangensis subsp. nov. 
Female.—Length, about or nearly 9 millimeters; agreeing 
in general with the description of N. leucozonata Cameron, from 
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Borneo, but apparently larger, and certainly with less red on 
abdomen. Cameron's diagnosis is not consistent in all respects 
with his detailed description. In our insect the first abdominal 
segment is pale fulvous, with a broad transverse black band, 
pointed at each end, and not reaching the lateral margins; in 
the middle, this band is more distant than the equivalence of 
its width from the hind margin. The second segment is black, 
with the base pale fulvous, more broadly at sides. The other 
dorsal segments are black, and 2 to 4 have marginal tegumentary 
ivory-colored bands. On the ventral side the first two seg- 
ments are red or fulvous suffused with dusky, and the third 
fulvous with a transverse black band. Other characters are: 
Clypeus shining, depressed in middle, its apical margin red; 
mandibles red subapically; face and front, all except lower 
part of clypeus, densely covered with very pale ocherous hair, 
hiding the surface; cheeks with white hair; scape red basally ; 
flagellum red beneath; mesothorax and scutellum dull and ap- 
pearing bare, with thin, short, pale hair, a few long dark hairs 
on scutellum; postscutellum densely covered with ocherous- 
tinted tomentum ; base of metathorax with a curved transverse 
channel, crossed by irregular small рНег laterally; tegule ful- 
vous; wings strongly dusky, with a large subapical cloud; stigma 
piceous, rather large; nervures fuscous; anterior ИБ clear 
fulvous in front, middle tibie with fulvous band in front; hind 
basitarsi broad. "The tongue is very long and slender. 
Penang (Baker 9609). í 


Nomia perconcinna Cockerell. 


Penang (Baker). Possibly a distinct race of this Indian 
Species, as it differs from the type by the hind tibiz being en- 
tirely black and the flagellum duskier red beneath. It is allied 
to №. albofasciata Smith, but differs conspicuously in the color 
of the pubescence. 


Nomia elongata Friese. 


Penang (Baker 9611). This is the real N. elongata, agree- 
ing with Friese's description of the ventral surface of abdomen. 
Except for the ocherous hair of face and abdominal bands, this 
agrees with Smith's description of М. clavata, from Gilolo: but 
that description could be applied to several species of this type. 
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Nomia mediorufa morata subsp. nov. 


Female.—Length, about 7 millimeters. Differs from typical 
№. mediorufa Ckll, from Formosa, as follows: Flagellum black 
above except apically; band on second abdominal segment inter- 
rupted in middle; first and second ‘abdominal segments red 
apically, or first all red except lateral subapical dark patches. 

Male.—Slender, with clavate abdomen, the first segment en- 
tirely red, the second broadly red in middle apically ; face densely 
covered with tawny hair; antenne very long, flagellum entirely 
ferruginous beneath; all the tarsi cream-colored more or less 
tinged with reddish; anterior tibia pale ferruginous, as also 
the other ИБ at base and apex, and the middle ones largely 
in front; hind legs slender and simple; wings dusky, with a 
diffuse apical cloud; stigma and nervures pale brown; stigma 
large; second submarginal cell receiving first recurrent nervure 
in middle; second abdominal segment finely but distinctly punc- 
. tured, and depressed or constricted basally. 

Singapore (Baker). The type is a female (9983) with broad 
black band on first abdominal segment. The male is Baker 
9607. 


Nomia scutellata remclita subsp. nov. 


Male.—Differs from typical N. scutellata Smith by the wings 
not being clear hyaline. It is very close to N. ustula СЫП, but 
hind trochanters of male are not toothed, the apical lobe of 
hind НЫ» is dark, the stigma yellowish ferruginous, and the 
area of metathorax distinctly sculptured, with cross stris in 
middle and fine plice at sides. It is also near to N. takauensis 
Friese, from Formosa, but differs in the color of the abdominal 
bands, which are yellowish brown in takauensis. It is also very 
near to № philippinensis (Friese). АП these insects form a 
little group, with representative races or species in different 
regions, from India and Ceylon to Formosa and the Philippines. 
In remolita the abdominal hair bands are dull white, and the 
wings are dusky brownish, with a relatively small ferruginous 
stigma. 

Singapore (Baker 9608). Nomia scutellata was described 
from the female. Meade-Waldo ascertained that N. albofimbriata 
Cam. was identical, and believed that №. ustula СЫП, from Cey- 
lon, was the male. 
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Nomia incensa sp. nov. 


Female.—Near to N. levicauda САП, but somewhat larger 
(anterior wing, 7 millimeters long) ; wings strongly dusky apic- 
ally; mesothorax conspicuously larger; middle of front entirely 
dull; second abdominal Segment very finely and closely punc- 
tured all over, the following'segments dull, not polished and 
shining. The abdomen has a thin ventral scopa of long hairs. 
The second submarginal cell is large and square, receiving the 
first recurrent nervure considerably beyond the middle. The 
hind margins of the abdominal segments are rufous, and have 
broad ocherous hair bands, broadly interrupted on first seg- 
ment, more narrowly on second. Venter of abdomen partly 
fulvous. 

Luzon, Montalban (Baker). 


Halictus semirussatus sp. nov. 


Male.—Length, about 8 millimeters; anterior wing, a little 
over 6; head and thorax black, the mesothorax slightly blue- 
black; abdomen bright chestnut red, with a basal and two lateral 
blackish stains on first segment; legs black, with anterior and 
middle knees, and anterior tibie in front (except apex) ferru- 
ginous, tarsi more or less reddish apically, hind  basitarsi pallid 
at base. Eyes large, subemarginate within (inner orbits strong- 
ly concave) ; cheeks and sides of face with white hair; clypeus 
prominent, apically with a very broad (broadest in middle) 
creamy-white band, which is'strongly and sparsely punctured; 
labrum cream color; mandibles ferruginous; antenne long, 
black, the flagellum obscurely brown beneath, not moniliform; 
front dull, shining at sides; thorax with dull white hair, dense 
on postscutellum ; tubercles prominent and angular, red at apex; 
mesothorax and scutellum very densely punctured, somewhat 
glistening; scutellum distinctly bigibbous; area of metathorax 
very large, strongly defined, shining, with very strongly longi- 
tudinal ridges, which are slightly divergent; sides of metathorax 
very hairy, posterior face sharply defined all round; tegule 
castaneous; wings hyaline, dusky at apex; nervures and stigma 
reddish brown; second submarginal cell square, receiving first 
recurrent nervure near the end; third submarginal cell un- 
usually short; outer nervures distinct; legs with pale hair, 
pale golden on inner side of tarsi; abdomen shining, first seg- 
ment hardly punctured, second duller, with very minute punc- 
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tures; rather thin pale hair bands at bases of second and 
following segments; fourth ventral segment with large tufts of 
yellowish white hair, 

Singapore (Baker 9984). А very distinct Species, perhaps 
rather approaching H. cattulus Vachal (not catullus, as Bingham 
has it), but known by the red abdomen. Halictus himalayensis 
Bingh. has the greater part of the abdomen blood-red, and 
seems to be somewhat related. 


Anthophora caldwelli Cockerell. 


Malay Peninsula, Selangor (Baker), one male. Described 
from Foochow, China. The specimen is smaller than Chinese 
males, but the difference is probably not racial. 


Coelioxys siamensis Cockerell. 


Malay Peninsula, Selangor (Baker). Described from Trong, 
Siam: 


Prosopis feai Vachal. 


Penang (Baker). One female, having the scutellum immac- 
ulate, and the apical yellow mark on clypeus obtusely trian- 
gular. As at present understood, P. feai is quite variable, and 
with more material it may be possible to distinguish more 
than one species. Bingham erroneously describes the clypeus 
of the female as yellow; Vachal indicates that there is only a 
yellow spot. Bingham's figure also shows the spot. 


Prosopis penangensis sp. nov. 


Female.—Like the Philippine Islands P. opacissima Ckll., but 
easily known by the polished, shining scutellum, with some very 
large punctures along the sides. The first abdominal segment 
is polished and shining, with excessively minute punctures. 
The yellow clypeal mark is large and oblong, and the lateral 
marks are broad-cuneiform. The middle and hind basitarsi are 
yellow but the anterior ones are brown. This is a much smaller 
species than P. feai, with entirely opaque mesothorax. In the 
Indian fauna it seems nearest to P. scutula Vachal, but the ner- 
vures are not pale testaceous yellow, and the tegule are brown 
with a large yellow spot anteriorly. The yellow band on pro- 
thorax is interrupted. The eyes are brown. 

Penang (Baker 9986). 
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Nomada dissessa Sp. nov. 

Female.—Length, about 6 millimeters; ferruginous red, the 
head and thorax dusky, but the clypeus, supraclypeal area, 
tubercles and scutellum paler; no yellow anywhere about the 
insect; face broad; mandibles and labrum simple; antenne 
long, scape red, flagellum black with a very obscure reddish 
tint beneath; third antennal joint long, fourth shorter; meso- 
thorax bare, coarsely punctured, shining beneath the punctures; 
scutellum bigibbous; pleura and metathorax with conspicuous 
white hair; tegule bright ferruginous; wings hyaline, faintly 
dusky, more so at apex; nervures and stigma dark rufo-fuscous ; 
only two submarginal cells, basal nervure going basad of trans- 
verse median; second recurrent nervure joining second (mor- 
phologically second + third) submarginal cell a considerable 
distance from its end; legs red, hind tarsi darker; abdomen 
shining red, hind margins of first four segments broadly and 
conspicuously dusky; first segment with two large triangular 
dark areas; segments 2 to 4 each with lateral patches of glittering 
white hair, only seen in a side view of the abdomen. 

Luzon, Mount Maquiling (Baker). In my table of Philip- 
pine Nomada this runs straight to М. palavanica, a smaller 
species without dusky bands on abdomen. It really most re- 
sembles №. lusca Smith, but is not a variation of that with 
only two submarginal cells, as the mesothorax is more coarsely 
sculptured, the area of metathorax is more polished posteriorly, 
and the first recurrent nervure joins the second submarginal 
cell very much nearer its base. 


Nomada polyodonta sp. nov. 


Male.—Length, about 6.3 millimeters; head and thorax black, 
with the following parts ferruginous: Lower margin of clypeus 
broadly, lower corners of face, labrum, mandibles, upper border 
of prothorax, tubercles, anterior corners of mesothorax, greater 
part of pleura (but not bright, and lower part black), scutel- 
lum, and postseutellum ; front and mesothorax very densely and 
coarsely punctured; head large, with broad face, which is cov- 
ered with glittering white hair; scape black, with a bright red 
Spot at base in front, more or less extended as a line upward; 
flagellum black, chestnut red beneath, the joints conspicuously 
denticulate; second antennal joint concealed, third about equal 
with fourth; thorax bare above, pleura and metathorax with 
rather thin white hair; {екше bright fulvo-ferruginous ; wings 
strongly dusky at apex, stigma and nervures piceous; basal 
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nervure going basad of transverse median; three submarginal 
celis, Second receiving first recurrent nervure a little before its 
middle; legs mainly black, knees red, anterior and middle fem- 
ога and tibie red in front (middle femora obscurely), anterior 
tarsi red; hind tibiz red at apex; abdomen petiolate, narrowed 
basally, mainly black; first Segment reddened on hind margins 
except in middle; second with a pair of very large subquadrate red 
patches, widely separated (not closely. approaching as in N. 
adusta); fourth segment with а red band, interrupted mesally 
and laterally; apex light reddish. 

Penang (Baker). | Very like the Indian №. adusta Smith, 
which I have from the Khasia Hills (Sladen), but easily known 
by the dentieulate antennz. 

Allodape sauteriella Cockerell, variety a. 

Female.—Length, about 5 millimeters, distinctly smaller and 
less robust than typical A. sauteriella, from Formosa, but with 
no other tangible differences. Scape black; basitarsi dark; mes- 
othorax shining; scutellum dull. The face mark has been turned 
bright red by cyanide; it may have been yellower than sauteriella. 

Penang (Baker 9976). 'This may be separable when the 
male is known. 


D 


Allodape breviceps sp. nov. 

Female——Length, about 5.5 millimeters; similar to A. sau- 
teriella, var. a, but readily distinguishable«as follows: Head con- 
siderably shorter, the eyes therefore shorter and appearing more 
bulging; face mark broader, its diameter where constricted in 
middle greater than a side above the constriction; scape eream- 
color in front; tarsi entirely cream-color; first recurrent ner- 
vure joining second submarginal cell much more distant from 
base; basal half of abdomen obscure brown. The constriction of 
the very broad face mark is about the middle, not conspicuously 
below it as in A. hewittii sandacanensis Ckll. 

Penang (Baker). 


Genus CERATINA Latreille 
The following key separates a series of specimens before me: 


Scutellum entirely black (Penang Island, Baker)..... dentipes Friese. 

Scutellum at least mainly yellow........ н P 
. 1. Postscutellum at least mainly yellow. 

Postscutellum entirely black..............- 2:8: 


2. Face below antennz nearly all yellow; small (Penang)... metaria sp. nov. 
Face below antennz with two large leg-shaped black marks (Penang). 
bipes Sp. nov. 


175542——7 
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. Clypeal yellow band without any distinct median upper lobe (Baguio, 


Benguet) bicuneata Cockerell. 


Clypeal yellow band wi p dian upper lobe............ 4. 
4. Mesothorax all black (Penang Island, Baker 9974). 
conscripta Cockerell. 
Mesothorax with four yellow lines or вїгїрєз............................................ 5. 
5. Larger; sixth abdominal segment with a large subquadrate yellow 
patch, emarginate on each side (Singapore)............ incerta Cockerell. 
Smaller; sixth abdominal segment with a yellow band, broadly emar- 
ginate in middle above (Penang, Baker 9975)... accusator Cockerell. 


Ceratina metaria sp. nov. 

Male.—Length, 4 millimeters or slightly over; rather pale 
dull yellow, with black markings as follows: H-like mark on 
face, the crossbar between clypeus and supraclypeal yellow patch; 
front, vertex, and occiput all black except linear extension of 
lateral face marks (which are squarely truncate above) a short 
distance up orbits, and а small mark near top of eye; upper part 
of cheeks, and posterior portion behind the broad yellow band, 
black; mesothorax black with four well-defined yellow stripes, 
which do not reach front or hind margins, though the lateral 
ones almost touch hind margin; axille partly black; area of 
metathorax and posterior face black; abdomen dark brown at 
base, and with five black bands, about as broad as the intervals 
between them, fifth band with a more or less distinct linear 
interruption. The legs and pleura are entirely yellow. Scape 
yellow in front; flagellum dark reddish brown beneath; meso- 
thorax highly polished, without evident punctures, its posterior 
margin dull; tegule testaceous; wings hyaline, faintly dusky, 
stigma and nervures brown; apex of abdomen broadly rounded, 
without a projecting point, 

Penang (Baker). Resembles C. beata Cam., but smaller, with 
more yellow on sides of thorax, etc. 


Ceratina bipes sp. nov. 


Female.—Length, about 7 millimeters; black and yellow. 
Head black, with yellow marks as follows: Broad band on cheeks, 
extending to occiput; base of mandible (which is very broad); 
labrum ; reversed T on clypeus, the upper part broad and bulbous; 
supraclypeal band; two elongate-oval spots in front of ocelli; 
and lateral face marks extending to vertex, narrowed to a line 
above, but ending in a round spot. The black areas left on face 
resemble the front legs of а short-legged dog. Scape slender, 
with a yellow stripe in front; flagellum very faintly brownish 
beneath, mesothorax black with four yellow stripes, the lateral 
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ones very broad, and marginal; broad anterior margin of 
mesothorax dull and finely punctured, the rest polished and 
impunctate; scutellum, postscutellum, and axillar spot yellow; 
metathorax yellow with the basal area black; upper part of pro- 
thorax, tubercles, and large irregular area on pleura yellow, the 
latter with a posterior extension; tegulze testaceous; wings dusky, 
especially in region of marginal cell and beyond; stigma and 
nervures dark brown; anterior legs yellow, the tibiæ dusky be- 
neath, and the сохае with a broad black band anteriorly ; middle 
femora with apex above and a stripe beneath, and their НЫ» 
on outer side, yellow; hind legs black, with the соха largely 
pale; first abdominal segment yellow, with large black lateral 
marks, connected by an irregular band across the middle; the 
other segments are black and rugose, the hind margins of 2 to 4 
with narrow yellowish bands, of 5 with a broad band, emarginate 
in middle anteriorly; venter with first three segments mainly 
pale, the others dark. ; 

Penang (Baker). Resembles C. ridleyi Ckll. and С. canarensis 
CklL, but smaller, and differing in the markings. 


NOTES ON TREMATODES FROM THE PHILIPPINES! 


By ERNEST CARROLL FAUST 
Parasitologist, Union Medical College, Peking, China 


ONE PLATE 


Through the courtesy of Prof. Frank G. Haughwout I have 
had an opportunity to examine three flukes from the Philippines 
which are described in this paper. 


Fasciola gigantica Cobbold 1856. Plate 1, figs. 1 and 2. 

Fasciola gigantica is a long lanceolate fluke found in the liver 
of a carabao, Bubalus bubalus Linn., killed at Manila. It has a 
length measurement of 29 to 36 millimeters and a width of about 
8 millimeters. Although the sides of the body are almost 
parallel there is a distinct anterior end in the form of a cone, 
а characteristic which shows its relationship to Fasciola hepatica. 
The integument is uniformly spinous. In the region of the 
uterus the body is distended dorsoventrad, but along the margins 
it is compressed and slightly fluted. 

The oral sucker is small (18 millimeters) while the acetab- 
ulum, almost within the limits of the anterior cone, is 22 
millimeters in diameter.. A very small pharynx leads into a 
typical fascioliform digestive tract. Compared with F. hepatica 
the secondary cæcal branches number almost twice as many and 
the ultimate pockets are much more numerous. The general 
type of branching is, however, quite the same in the two species. 

The excretory bladder extends anteriad as far as the odtype. 

The organs of the genital system offer a ready method of dif- 
ferentiating this species from Fasciola hepatica. The testes are 
confined to the anterior half of the animal, The posterior testis 
is fairly compact and has five or six main arms. The anterior 
testis, which lies just in front of its mate, is more elongated 
and has about eight arms. The ultimate testicular ceca are 
definitely set off from the tubes which lead out into the vasa 
efferentia, so that the entire organ has the appearance of berries 


* Contribution from the department of pathology, Union Medical College, 
Peking. . 
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united into a compound panicle. Long slender vasa efferentia 
convey the sperm to the region immediately anterior to the ace- 
tabulum, where they unite to form a single vas deferens. Where 
the short vas deferens enters the cirrus sac it bends to the left 
and enlarges to form the seminal vesicle. This organ twists on 
itself and then turns anteriad to form the penis. The latter 
is quite muscular and has the shape of a bottle with a long 
neck. The genital pore lies just behind the pharynx in the 
median line. 

The ovary is composed of numerous branches lying to the 
left of the oótype. It is relatively small. The vitellaria extend 
from the region of the acetabulum to the subdistal margin of the 
worm. The ventral follicles are strictly lateral, but the dorsal 
portion of the glands extends mesad in the posterior half of the 
worm. The vitelline ducts are less readily made out than in 
Fasciola hepatica. The transverse duct lies just behind the 
oótype. At its middle a short duct runs into the latter organ. 
The uterus coils on itself several times, then crosses over to the 
acetabulum and reaches the genital pore on the left of the 
cirrus sac. 

The eggs measure 140 to 160 » by 75 to 90 р, with an average 
of 145 » by 85 р, as distinguished from the measurements of 
Fasciola hepatica eggs, which have an average of 132 р by 70 p. 


DISCUSSION 


The literature on the genus Fasciola is considerable, even when 
one takes into account only the species closely related to Fasciola 
hepatica. With the removal of the Species magna to a new 
genus, F'ascioloides (Ward 1917:3) (4), one is confronted only 
with the possible species P, hepatica, F. angusta Railliet, F. 
aegyptiaca Looss, and F. gigantica, А close inspection shows 
that the latter three species are alike in all respects in which they 
differ from Р. hepatica. They are elongated flukes with parallel 
lateral margins. Their anterior cone is distinct but short. 
Their testes are richly branched but Short and occupy a field 
much more restricted than those of F. hepatica. Ovary and 
vitellaria are richly branched. The lateral divisions of the gut 
are more numerous. The acetabulum is relatively large and 
close to the oral sucker. The cirrus pouch is small and much 
more contracted than in F. hepatica. Moreover the egg measure- 
ments are remarkably similar, averaging 147 » by 82 р for 
F. angusta, 150 » by 80 м for F. gigantica of Egypt, and 145 
и by 85 » for the material which I have studied, 
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In as far as the present data are concerned there is adequate 
proof that all of the species of Fasciola sensu stricto exclusive 
of F. hepatica belong to the same species, ЕР. gigantica Cobbold 
1856. With this view Blanchard (1895:733) (1) and Stephens 
(1916:244) (2) are in accord. E 

Fasciola gigantica, which has been regarded as a parasite of 
man, is found in а great variety of ruminants. The present 
record supports the view that it is more widely distributed than 
had been previously believed. 


Paramphistomum anisocotylea sp. nov. Plate 1, fig. 3. 

This new species of amphistome, for which I propose the name 
Paramphistomum anisocotylea, was taken from the same host, 
Bubalus bubalus, from which Fasciola gigantica was secured. 
The fluke is ovoid in shape, measuring 6 to 6.3 millimeters long 
by 3.5 to 4 millimeters wide. It has a conspicuous acetabulum 
with a diameter somewhat greater than half the animal’s length 
(3.1 to 3.4 millimeters). The fluke is uniformly aspinose. 

The oral sucker with a diameter of 0.85 millimeter is directed 
anteroventrad. А short pharynx without pockets lies immedi- 
ately above the oral sucker and leads into a short cesophagus. 
The cæca are inflated, sausage-shaped pouches, which extend 
to the mid-region of the acetabulum. 

The testes lie in tandem arrangement between the oótype and 
the metraterm. They are large, subovoid to rhomboid in con- 
tour, with small vasa efferentia leading anteriad toward the 
genital pore. The ovary is a small oval body situated immedi- 
ately to the right of the oótype and is connected with the latter 
by a short oviduct. Vitellaria extend from the region of the 
oral sucker to the posterior half of the acetabulum. The folli- 
cles are large and are spread out in a patelliform pattern. 
Short vitelline ducts connect these follicles with the odtype. No 
seminal receptacle has been found, but a Laurer’s canal is clearly 
made out. The odtype is surrounded by a spheroidal mass of 
shell glands. Leading out of the oótype is a very small uterus, 
which runs forward to the anterior region of the acetabulum 
where it enlarges and at the same time begins to coil. After 
a complicated series of serpentine twists it proceeds to the genital 

ore. 
: The matured eggs measure from 140 to 160 р in length by 
70 to 85 » in width with an average of 150 by 80 р. 

Paramphistomum anisocotylea differs in size, relation of the 

genital organs, and in other particulars from the previously de- 
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scribed Paramphistoma, but is especially differentiated by the 
extremely large acetabulum. Perhaps it most nearly approaches 
Paramphistomum explanatum, which species is, however, larger 
and has heavily lobed testes (Fischoéder 1904 :599).(3) 


Phagicola pithecophagicola g. et sp. nov. Plate 1, figs. 4 to 6. 


This interesting fluke was secured from the intestine of the 
monkey-eating eagle, Pithecophaga jefferyi Grant. A few of the 
Specimens were obtained in a smear prepared by Professor 
Haughwout from the host soon after death. Others were teased 
out of a portion of the intestine which had been fixed in Bouin's 
fluid and preserved in 80 per cent alcohol. The host was deter- 
mined by Mr. В. C. McGregor, ornithologist of the Bureau of 
Science, Manila, 

Phagicola pithecophagicola is a minute fluke with a pyriform 
body which is entirely covered with jagged spines. The oral 
sucker is directed almost entirely forward and has on its inner 
margin an uninterrupted circlet of twelve blunt spines (Plate 1, 
fig. 5). The body measures 0.35 millimeter in length by 0.22 
millimeter in greatest width. The oral sucker is fairly constant 
in diameter, averaging 78 ». The acetabulum, somewhat behind 
the middle of the body, measures only 47 » in diameter. The 
region of the body between the two suckers is capable of 
enormous extension as is also the unforked portion of the in- 
testine. 

A long prepharynx leads back into the pharynx, an important 
sphincter 26 » in diameter, which lies midway between the oral 
sucker and the acetabulum. Behind this is a moderately long 
csophagus. The ceca extend far laterad, but reach no farther 
posteriad than the middle of the acetabulum, 

The excretory system has a bladder approaching that of the 
Braehycoeliine, intermediate between a typical V-type and a 
typical Y-type. It possesses little or no muscular elements. 
The collecting tubules of the worm have not been worked out. 

The testes are ovoid glands about 70 # in greater diameter, 
slightly oblique in position, considerably postacetabular and 
usually lying ventral to the vitelline follicles. The cirrus sac is 
lacking. The seminal vesicle is а flask-shaped organ lying trans- 
versely just behind the acetabulum, curving anteriad on the right 
Side of that organ and proceeding forward as a nonmuscular 
cirrus tube which coils only slightly as it advances to the genital 
pore. No prostate glands have been found. 

The ovary is situated to the right of the odtype. It is sub- 

ovoid in outline and appreciably smaller than the testes. The 
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seminal receptacle is a flask-shaped organ lying in a plane 
slightly anterior to the ovary. Between it and the oótype rising 
dorsad, is a small Laurer's canal (Plate l, fip. 6). A short 
oviduct can be traced into the oótype. Around the oütype are 
numerous shell glands. The vitellaria consist of from four to 
six large follicles on each side of the body, confined to the pos- 
terior limit. The uterine mass occupies a major portion of the 
body posterior to the acetabulum, A single coil on the right 
side of the acetabulum runs toward the genital pore, which is 
situated just below the forking of the intestine. The eggs aver- 
age 21 р by 11 и in diameter. 


DISCUSSION 


A close study of Phagicola pithecophagicola shows it to belong 
to а group possessing in part the characters of the Brachycoe- 
liinz, in part those of the Microphallinz, in part those that are 
unique. It differs from the Brachycoeliine mainly in the posi- 
tion of the vitellaria, ovary, and testes. It differs from the 
Microphallinze mainly in the possession of an uninterrupted cir- 
clet of blunt spines inserted on the inner margin of the oral 
sucker. In view of the differences of these fundamental points, 
critical in the classification of trematodes, it seems wise to rec- 
ognize this as the representative of a new genus, Phagicola, and 
create for it а new subfamily, Phagicoline. 

Designation of subfamily Phagicolinz.— Minute distomes with 
spinose body and an uninterrupted circlet of spines on the inner 
margin of the oral sucker. Cæca short, not surpassing acetab- 
ulum. Excretory bladder intermediate in type between a V- 
and a Y-form. Vitellaria postacetabular, consisting of a few 
large follicles. Testes unlobed, slightly oblique, far postace- 
tabular. Ovary, seminal receptacle and seminal vesicle postace- 
tabular. Cirrus sac and prostate glands lacking, cirrus tube 
nonmuscular. Genital pore antacetabular. 

Type and sole genus, Phagicola. 

Type species, Phagicola pithecophagicola, 
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ILLUSTRATION 


PLATE 1 


Fic. 1. Fasciola gigantica Cobbold; ventral view; showing details of re- 
productive organs; Х 44. р 
2. Fasciola gigantica; details of seminal vesicle and cirrus organs; 
х 17. 
8. Paramphistomum anisocotylea sp. nov.; ventral view; x 18. 
4. Phagicola pithecophagicola g. et sp. nov.; ventral view; x 154. 
5. Phagicola pithecophagicola; detail of oral sucker, showing spines; 
x 308. 
6. Phagicola pithecophagicola; detail of region of oótype, showing 
ovary, Laurer's canal, seminal receptacle, proximal end of uterus 


and vitelline ducts; highly magnified. 
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PHILIPPINE TREMATODES. 


PLATE 1. 


BLACK SPOT OF CITRUS FRUITS CAUSED BY PHOMA 
CITRICARPA MCALPINE 


By H. ATHERTON LEE 
Mycologist, Bureau of Science, Manila 


FOUR PLATES 


Black spot of citrus fruits was described by McAlpine‘ from 
Australia, in 1899. McAlpine observed the presence of 
a fungus uniformly associated with this black spotting and 
described it as Phoma citricarpa, the cause of the disease. No 
isolations of the fungus or reinoculations are reported in his 
description. The purpose of the present paper is to present 
data of such isolation and reinoculation experiments with Phoma 
citricarpa and also to record further knowledge as to the distri- 
bution of the disease. In calling attention to the disease and 
its distribution, it is: also hoped that some assistance will be 
rendered to growers in the citrus-producing countries where it 
does not yet occur, since with a full knowledge of its characteris- 
tics it can be easily excluded. Photographs are presented to . 
facilitate the recognition of the disease. 


DESCRIPTION OF THE DISEASE 


The spots are found only on the fruits; the leaves and twigs 
have not been affected, in the experience of the writer. The 
disease has been observed upon fruits of the sweet orange (Ci- 
trus sinensis) and the mandarin orange (Citrus nobilis). Pum- 
melos (Citrus maxima) and calamondins (Citrus mitis) , although 
seen in countries where the disease is common, as yet have not 
been found to be affected. Lemons are reported by McAlpine 
to be affected. Data are not yet available as to the other species. 

Small, reddish-brown spots appear on the surface of the fruit; 
with increasing age these spots turn darker, becoming sometimes 
entirely black. The spot may be only 1 or 2 millimeters in diam- 
eter, but with time the area may, spread to from 7 to 9 milli- 
meters in diameter. As the spot matures a reddish-brown, 


1 McAlpine, D., Fungus diseases of citrus trees in Australia and their 
treatment. Government Printer, Melbourne (1899) 21, 22, 81. 
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raised margin forms around the outer edge while the center some- 
times becomes depressed, and assumes a light tan or brownish 
color. Pycnidia sometimes show in the depressed, lighter-colored 
area; they are black, and a mere fraction of a millimeter 
in diameter. Тһе lesion not only occurs on the surface but ex- 
tends into the skin tissue for 1 or as much as 2 millimeters. In 
this internal tissue the lesion is usually lighter colored—the 
reddish brown of a young lesion. The lesion has never been 
observed to extend into the flesh of the fruit, although rarely 
secondary rots, emanating from a black-spot lesion as the original 
point of infection, may progress into the flesh. The colored 
photograph, Plate 1, shows the disease much better than a written 
description can do. 

The disease is not abundant on fruits in the orchard, but seems 
to develop while they are in storage, or in transit to markets. 
We have shipped fruits entirely unblemished, which on unpacking 
one month later were found severely affected by this black spot. 
The injury to the crop is much the same as that of citrus canker 
on fruits, and is due to a blemish which lessens its selling value. 
In a very few cases, the black-spot lesions afford an entrance 
for rot fungi, but such cases are rare. 


DISTRIBUTION 


This disease has been observed at Canton, Hongkong, Swatow, 
Amoy, and Foochow in China. Specimens which emanated from 
Shanghai have been intercepted by the plant-quarantine inspec- 
torsat Nagasaki. Chinese fruits have been collected on the mar- 
kets in Manila, which were severely affected by this disease, but 
Philippine-grown fruits have not been observed as yet to be 
affected. McAlpine, of course, originally reported the disease 
from New South Wales. The disease has not yet been observed 
in Japan nor has it been reported from California, Arizona, Flo- 
rida, or the Gulf States. The distribution on the China coast as 
far north as Foochow would indicate that the development of the 
fungus is not limited by the lower temperatures of citrus-grow- 
ing regions. That is to say, black spot of citrus fruits would 
seem to be a temperate zone disease. 


ISOLATION AND INOCULATION EXPERIMENTS 


Isolation experiments were first attempted in Nagasaki, and 
a fungus was obtained uniformly from such isolations. Sub- 
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sequently isolations were also made from Chinese fruits found 
on the Manila markets, and a fungus was isolated which on 
comparison with cultures from Nagasaki proved to be identical. 
The fungus answered closely to McAlpine’s description of 
Phoma citricarpa. 

Inoculation experiments were taken up in Manila; all necessary 
precautions were taken to maintain such inoculations under 
quarantine, although the presence of severely affected Chinese 
fruits in the distant provincial markets were an almost constant 
source of infection of Philippine-grown fruits had conditions 
been favorable for infection. The preliminary series of inocula- 
tions are here tabulated with the results obtained. The fruits 
were first disinfected with alcohol, and both control and fungus 
inoculations were made with needle punctures. All of the fruits 
were then held in a chamber maintained at laboratory temper- 
atures (from 29° to 32° C.) and with slightly increased at- 
mospheric moisture. | 


TABLE 1.—Inoculations on mature Washington navel oranges, with tap water 
as controls, and with pure culture of Phoma citricarpa. . 


[Inoculated April 14, 1920; date of observation of results, May 9, 1920.] 


Ропе- 
Fruit No. tures per Inoculum, Positive 


results. 


Per cent. 


The lesions obtained by these inoculations with the fungus 
were usually dead black in the center, becoming a deep brown at 
the edges (Plate 2). The fruits could not be held as long as was 
desirable because of the quick infection with rotting fungi in 
the warm Manila conditions; fruiting bodies were not found 
on the surface of the positive cases in the twenty-four days dur- 
ing which the fruits were held. Reisolation, however, on agar 
plates resulted in the recovery of the fungus in the five cases 
tried. | 

Inoculations with the fungus and controls with tap water made 
at the same time on six similar Washington navel oranges, but 


688 The Philippine Journal of Science . 1910 


held at a temperature varying closely around 12? C., in all cases 
were negative. This was attempted for the reason that it was 
feared that the normal Manila temperatures might be too high 
for positive infection. The result showed that this was not the 
case but the instance is presented as of possible value to a future 
investigator. 

Reinoculations were then made on Washington navel oranges. 
These inoculations were made in two lots; (1) inoculated fruits 
held in а moist chamber with controls, and (2) fruits held 
at the normal laboratory atmospheric humidity of Manila in 
May; the normal humidity in May is not high. The fruits 
were disinfected with alcohol as previously, and both controls 
and fungus inoculations were made with needle punctures. The 
results are shown in Table 2. 


TABLE 2.—Inoculations on mature Washington navel oranges, with tap water 
for contrels, and with pure culture of Phoma citricarpa. 


{Inoculated May 21, 1920; date of observation of results, June 9, 1920.] 


А Punc- Conditions of | Positive 
Fruit No. tures. Inoculum. humidity. results. 


Per cent. 


20 | Tap water........| Dry laboratory ... 


ЛБ] 


* Doubtful lesions, b Clearly positive, 


Table 2 shows that under dry atmospheric conditions the 
fungus produces no lesion, or lesions which are very doubtful. 
With increased atmospheric moisture, 35 per cent of the inocula- 
tion punctures were positive; the lesions under such conditions 
were dead black in the center, becoming slightly reddish toward 
the margins and varying in diameter from 1 to 3 millimeters. 
They were in most cases typical black-spot lesions. The fungus 
was reisolated from the positive lesions. Control punctures with 
tap water remained entirely negative and in many cases healed 
80 аз to be unnoticeable. 
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Inoculation experiments have been repeated several times since 
these original results and always, under moderately humid con- 
ditions, a reasonable percentage of positive results was produced. 


THE FUNGUS IN CULTURE 


The fungus grows slowly on the artificial media tried, and is 
not always easily isolated because of the ease with which sec- 
ondary fungi may outgrow it. Beef agar + 1, glucose agar 
+ 1, and potato plugs have been used for culturing this fungus; 
on all of them the fungus makes a restricted growth. The early 
mycelium is grayish, but the colony soon becomes dead black due 
to the formation of pycnidia ; the colonies are small and restricted 
(Plates 3 and 4). Руспійіа appear within six or seven days 
after planting and are abundant, black, spherical, and with pores 
indistinct. 

Under the microscope the young hyphae are hyaline and dis- 
tantly septate, but with age the hyphae become dark olive brown, . 
closely septate, and twisted and swollen. Spores are borne 
apically on slender, hyaline conidiophores, and are hyaline, single- 
celled, smooth and thin-walled, ovate, sometimes becoming almost 
pyriform, noticeably granular (Plate 4, fig. 2) ; from cultures 
they vary in size from 9.25 to 12.25 X 5.5 to 8.1 р. Spores аге 
not formed profusely. The diagnostic features are the black, 
carbonaceous, restricted growth in culture and the thin-walled, 
granular, and somewhat individualistic spores. The best deter- 
mination of the fungus is its pathogenicity on sweet oranges 
which may be visible in from fifteen to twenty days. , The fungus 
agrees closely with McAlpine's excellent description of Phoma 
citricarpa, and we consider it identical. ` 


HOSTS 


McAlpine describes this black-spot disease on oranges, lemons, 
and mandarin oranges. The writer's inoculations on lemons in 
Manila have always resulted negatively; for such experiments 
mature California lemons were used, probably the Lisbon or 
Eureka variety or both, purchased in the Manila markets. It 
may be that these California varieties are not so susceptible 
as are those grown in Australia. The writer is of the opinion, 
however, that Manila temperatures are somewhat above the 
optimum desirable for this fungus, and that inoculations at lower 
temperatures might produce different results on lemons. Man- 
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darin oranges have given positive results in Manila; we have 
no data as yet for other species of Citrus. 


CONTROL 


There are no experimental data regarding control of this 
disease in an affected orchard. The writer’s inoculations have 
shown that fruits are only susceptible when approaching matur- 
ity, while immature fruits give negative results when inoculated. 
It is possible, therefore, that an easy orchard control, by spray- 
ing, could be developed. 

For countries where the disease is not yet present, however, 
as in California, the Gulf States of America, and Japan, the best 
control is of course entire prevention by excluding the disease. 
The best of contro] methods by spraying are not 100 per cent 
efficient and in addition cause an annual outlay which is repeated 
year after year. Exclusion of the fungus by the plant-quaran- 
tine officers would be 100 per cent control and would cost but a 
small. amount as compared with the yearly outlay for spraying. 

The situation in the Philippines with regard to this disease is 
peculiar. Black-spot disease, as has been said, has not been 
observed here as yet upon Philippine-grown oranges. Oranges 
imported from China and found everywhere on the markets are 
sometimes severely affected with the disease, affording а source 
of infection of Philippine citrus fruits just at the period when 
such fruits are ripening. The absence of the disease in the Phil- 
ippines is therefore probably due to climatic conditions or pos- 
sibly to the phenomenon that ordinarily the rind of Philippine 
citrus fruits does not mature and turn yellow, but remains green 
up to picking time. Since citrus fruits are only susceptible 
when the rind is well matured, the absence of the disease may 
be due to the absence of susceptible tissue. "This point may be 
cleared up in future experiments. 


SUMMARY 


1. Black spot, a disease described by McAlpine from Australia 
in 1899, has also been observed throughout southern China. It 
is not yet in Japan or America or in the orchards in the Phil- 
ippines. The disease consists of a black blemish on the fruits; 
it is not found on the leaves or branches. 

2. The fungus Phoma citricarpa McAlpine was isolated from 
black-spot lesions and, on inoculation upon healthy orange fruits, 
reproduced the disease. Control punctures remained negative. 
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The fungus was reisolated in culture from the positive inocula- 
tions. Inoculations have since been made a number of times 
resulting positively in reasonable percentages of cases, indicating 
that Phoma citricarpa is the cause of the black-spot lesions. 
Phoma citricarpa is briefly deseribed from cultures. 

3. The sweet orange and mandarin orange fruits were ob- 
served to be affected in China. McAlpine also reports lemons 
to be affected. Other citrus species have not been observed to 
be affected. The activity of the disease is not limited by the low 
temperatures of the northernmost citrus-growing regions, 

4. Although the disease is not serious and moreover could 
probably be prevented by spraying methods, it is desirable, in 
order to avoid the cost of spraying methods, to exclude it entirely 
from such citrus-growing countries in which it has not yet 
appeared. The present paper calls attention to the desirability 
of exclusion for such countries as Japan, California, and Florida. 


ILLUSTRATIONS 


PLATE 1 


Black spot on fruits of Chinese mandarin orange variety. The spots are 
caused by the fungus Phoma citricarpa McAlpine. 


PLATE 2 


Fic. 1. Washington navel orange on which twenty needle punctures have 
been made with tap water. 

2. Washington navel orange on which twenty needle punctures were 

made with an infusion of Phoma citricarpa, Both fruits were 

inoculated at the same time and held under the same conditions. 


PLATE 3 


Fic. 1. Phoma citricarpa on glucose agar slant, showing black restricted 
growth; twenty days from planting. 
2. Phoma citricarpa on potato plug; twenty days from planting. 


PLATE 4 


Fic. 1. Phoma citricarpa on а plate of standard nutrient beef agar + 1, 
fourteen days after planting, showing restricted growth; natural 
size. 

2. Conidiophores and conidia of Phoma citricarpa McAlpine, x 500. 
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PLATE 1. BLACK SPOT ON FRUITS OF CHINESE MANDARIN ORANGE VARIETY. THE 
SPOTS ARE CAUSED BY THE FUNGUS PHOMA CITRICARPA MCALPINE. 
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Fig. 1. Washington navel orange on which twenty needle punctures have been made with tap 
water. 2. Washington navel orange on which twenty needle punctures have been made with 
an infusion of Phoma citricarpa. Both fruits were inoculated at the same time and held un- 
der the same conditions. 
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Fig. 1. Рвота citricarpa on glucose agar slant, showing black restricted growth; twenty days 
from planting. 2. Phoma citricarpa on potato plug; twenty days from planting. 
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Fig. 1. Phoma ocitricarpa on a plate of standard nutrient beef agar + 1, fourteen days after 
planting, showing restricted growth; natural size. 
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Fig. 2. Conidiophores and conidia of Phoma citricarpa McAlpine, X 500, 
PLATE 4. 


ERRATA 


Page 337, line 32, for .05 cubic centimeter read 0.5 cubic centi- 
meter. 
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fasciculiflora Merr., 313. 
longivillosa Merr., 313. 


Calliope fiwviatilie, 513. 

Calophyllum Linn., 288. 
amplexicaule Choisy, 290. 
brachyphyllum Merr., 290, 
cucullatum Merr., 288. 
gracilipes Merr., 289. 
olig&nthum Merr., 289, 
pentapetalum (Blanco) Merr., 290. 
soulattri Burm. f., 289. 
spectabile Willd., 289. 
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Calotermitinae, 490. 

Calotermes Hagen, 490. 

(Neotermes) lagunensis Oshima, 489, 490. 
(Neotermes) malatensis Oshima, 490. 

Calvatia lilacina (Mont.) Pat., 371. 

Campanulaceae, 322. 

Canangium odoratum, 177. 

Canarium Linn., 267. 

unifoliolatum Merr., 287. 
villosum Е.-УШ. 268. 
vülosum (Miq.) F.-Vill., 863, 312. 
Canna indica, 197. 
Capritermes Wasmann, 506. 
distinctus, 508. 
paetensis Oshima, 489, 506, 508. 

Cardiac reflex symptoms due to disturbances 
of remote organs, 409. 

Carsidaroida Crawf., 355. 

heterocephala Crawf., 355. 

CARSTEN, H. J., Millable cane in the Phil- 
ippine Islands, 133; The utilization of 
waste molasses in the Philippine Is- 
lands, with special reference to the ha- 
ciendas of Negros, 895. 

Ceiba pentandra, 177. 

Celastracese, 275. 

Celtis Linn., 246. 

asperifolia Merr., 246, 

рћйіррепвів Blanco, 364, 372. 
Ceratina Latr., 227, 628, 

accusator Ckli, 624. 

beata Cam., 624. 

bicuneata Ckll, 624. 

bipes СКИ., 623, 624, 

canarensis Ckll, 625. 

collusor, 227. 

соПиѕог Ckll variety a, 227. 

conscripta СЫП, 624. 

dentipes Fr., 623. 

flavonitens CkIl., 227. 

flavopicta Sm., 228. 

fuliginosa Ckll, 229. 

humilior CklL, 229. 

incerta CklL, 624. 

metaris СКП., 623. 

philippinensis Ashm., 229. 

philippinensis nigrolateralis 

229. 

ridleyi CklL, 228, 625. 

sexmaculata Sm., 228. 
Ceroplastes Gray, 148, 181, 187. 

ceriferus (And.), 188. 

gigas СЫП, 187. 

Tubens Mask., 188. 
Ceroplastodes Ckll, 182, 189. 

сајапі (Mask.), 189. 

Ceroputo Sule, 165. 

Cerotrioza, 858. 

Chalcidoidea, 843. 

CHATTERJEE, GOPAL CHANDRA, An 
atypical Amoeba causing  dysenteric 
lesions, 885. 

Chermea bambusae Bdv., 161. 
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CHILTON, CHAS., The occurrence in the 
Philippine Islands of the fresh-water 
amphipod Paracalliope fluviatilis (G. 
M. Thomson), 513; Niphargus philip- 
pensis, a new species of amphipod 
from the underground waters of the 
Philippine Islands, 615. 

Cholera carriers in the Philippines, 118. 

Chomelia Jacq., 461. 

Linn., 461. 
Chrysophyllum cainito, 196. 
Citrus aurantifolia, 380. 
decumana Linn., 152, 364, 872. 
hystrix, 330. 
limonia, 330. 
maxima (Burm.) Merr., 
636. 
mitis, 635. 
nobilis Lour., 152, 184, 830, 368, 372, 635. 
ainenais, 880, 635. 
зр., 190, 367. 

Citrus-canker organism, action of some fun- 
gicides on the, 825, 

Cladoderris Pers, 866. 

caperata Mont. var. 
Cooke, 866, 374. 
dendritica Pers., 866, 872. 

Clathracese, 371. 

Clavariaceae, 866. 

Cleidion javanicum Blume, 363, 872. 

Clerodendron minahassae Teysm. and Binn., 
364, 868, 869, 872. 

Clinical analysis of one hundred cases of 
enterocolitis, 27. 

Coccidae of the Philippine Islands, 
diaspine, 147. 

Coccinae, 149, 181. 

Coccus Linn., 182, 189. 

ceriferus And., 188. 
diversipes СЫ, 190, 191. 
elongatus (Sign.), 190, 192. 
mangiferae (Green), 190, 191. 
stellifera West., 187. 

viridis (Green), 190, 192. 

COCKERELL, T. D. A., Some bees from San- 
dakan, Borneo, 221; Malayan bees, 615. 

Cocos nucifera Linn. 190, 200, 370, 372. 

Codiaeum variegatwm, 192. 

Coelioxys siamensis СКП., 621. 

Coffea arabica, 198. 

вр., 192. 

Collecting cobra venom, 60. 

Combretaceae, 295. 

CONCEPCION, I., see GUERRERO and CON- 
CEPCION. 

Connaraceae, 261. 

Connarus Linn., 261. 

caudatus Merr., 261, 
neurocalyz Planch., 261. 

Cook's theory as to the American origin and 
prehistorie Polynesian dis'ribution of 
certain economie plants, especially 
Hibiscus tiliaceus Linnaeus, comments 
оп. 377. 


330, 364, 372, 
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Coptotermitinae, 491. 
Coptotermes Silv., 491. 
formosanus Shiraki, 489, 491. 
travians (Haviland), 491. 
Cordia myza Linn., 869, 872. 
Corneal paracentesis, 71, 74. 
Corticium tristiusculum Berk., 364. 
Councilman, W. T., and Lambert, R. A., no- 
tice of their The Medical Report of the 
Rice Expedition to Brazil, 421. 
Cratoxylon Blume, 287. 
bifiorum Turez., 288. 
chinense Merr., 288. 
ligustrinum Blume, 288. 
ligustrinum (Spach) Blume, 287, 288. 
polyanthum Korth., 288. 
CRAWFORD, D. L., The Psyllidae of Bor- 
neo, 853. 
Crinipellis Pat, 370. 
galeatus (B. and С.) Раф, 870, 374. 
stipitaria Pera., 370, 878. 
Croeisa angulifera Ckll, 228. 
crucifera Ckll, 228. 
Croesotosoma aegyptiacum Doug., 162. 
Cryptocarya В. Br., 257. 
oligocarpa Merr., 257, 
татозй Merr., 257. 
Cupi Adans., 462. 
Rheede, 462. 
Cupia de C., 462. 
Cyathula prostrata, 178. 
Cycas revoluta, 196. 
Cyrtandra Forst., 815. 
cauliflora Merr., 315. 
laxa Elm., 816. 
ramiflora Elm., 816. 
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Da Costa, John Chalmers, notice of his Mod- 
ern Surgery, General and Operative, 
288. 
Dacryomycetaceae, 86b. 
Dactylopiinae, 149, 159. 
Dactylopius crotonis Green, 176. 
sacchari CklL, 178. 
DE LEON, W., Pathological findings in three 
cases of encephalitis lethargica, 125. 
Dianthidium, 229, 
meliponiforme СКП., 228. 
minutissimum (Bingham), 229. 
Diaphorina, 858. 
Diaspinae, 149. 
Da Costa, John Chalmers, notice of his Mod- 
bouvieri Vuillet, 209. 
bruneitarsie Schmutz, 209, 
dallatorrensis Schmutz, 209. 
denticollis Bagn., 209. 
greeni Bagn., 209. 
levis Schmutz, 209. 
novus Schmutz, 209. 
procer Schmutz, 209, 
proximus Bagn., 209. 
Dichapetalaceae, 270. 
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Dichapetalum Thouars, 270. 
ciliatum Merr., 271, 272. 
holopetalum Merr., 271, 
nitidum Merr., 270. 
oblongifolium Merr., 271. 
timoriense Engl, 271. 
Diclidophlebia oceanica Crawf., 855. 
Dilleniaceae, 284. 
Dinothrips affinis Bagn., 206, 
furcifer, 203. 
monodon Karny, 204, 205, 206. 
sumatrensis Bagn., 208-206. , 
Diospyros Linn., 303. 
everettii Merr., 304. 
longiciliata Merr., 303, 
Diphtheria in the Philippines, 87, 111. 
Diplobacillus moraz Axenfeld, 66. 
Diplodiacus paniculatus, 196. 
Discocalyx Mez, 302, 606. 
angustissima Merr., 303. 
longissima Merr., 302. 
macrocarpa (Eim.), 605. 
Disease carriers in the Philippines, 109. 
Diverticulum of the bladder, 86. 
Drosicha Walker, 149, 157. 
lichenoides CkIL, 157, 159. 
townsendi (Ckll), 151, 157, 158. 
Dugan, 255. 
Duncan, C. S., review of his Commercial Re- 
search: Ап Outline of Working Princi- 
ples, 237. 
Dunham fan in roentgenograms, 105. 
Duportelia Pat, 364. 
tristiuseula (РегК.) Раф, 864, 371-874, 
velutina Pat., 364. 
Dysoxylum Blume, 268. 
. eapizense Merr., 268. 
cumingianum С, DC., 270. 
sigrgaoense Merr., 269, 
turczaninowii C. DC., 269. 
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Ebenaceae, 303. 

EDUQUE, JOSÉ, A case of pollakiuria im- 
mediately relieved by external libera- 
tion of the pelvic and iliac portions of 
the ureter, 79. 

Elasmidae, 847, 

Elasmus albomaculatus Gahan, 347, 

elegans Crawf., 347. 
philippinensis Ashm., 847. 
Etlipanthus Hook. f., 262. 
longifolius Merr., 268, 
luzoniensis Vid., 262. 

Elodea pulchella Hort, 288. 

Elodes chinensis Hance, 288, 

Encephalitis lethargica, clinical studies on, 97. 

pathological findings in, 125. 

Eneyrtidae, 343. 

Endelus bakeri Kerrem., 849. 

Entamoeba africana Hart, 885. 

coli, 885, 391. 
histolytica Schaud., 385, 387, 388, 390, 
391. 
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Entamoeba— Continued. 
minuta Elmassian, 385. 
nana, 387, 890, 891. 
paradysenteria Chatterjee, 391, 
tctragena Viereck, 385. 

Enterocolitis with especial reference to edema, 
dehydration, and putrid odor of stools, 
clinical analysis of, 27, 

Enterolobium raman, 157. 

Eriobotyra japonica Lindl, 364, 372. 

Eriochiton cajani Mask., 189, 

Eriococcus danthoniae Mask., 164, 

fagacicorticis Mask., 164. 

Erythrina indica, 197. 

subumbrana, 177. 

Eugenia jambolana Lam., 185, 365, 372, 479, 

499. 
jambos, 177. 
mataccensia, 158, 

Eulophidae, 848. 

Euphorbia hypericifolia Linn., 364, 872. 

Eurycoma Jack, 239, 266. 

eglandulosa Merr., 266, 
longifolia Jack, 267. 
Eutermes Müller, 500. 
buitenzorgi Holmgren, 504. 
(Ceylonitermes) megregori Oshima, 501. 
(Eutermes) balintauacensis Oshima, 502. 
(Eutermes) castaneus Oshima, 489, 508. 
(Eutermes) gracilis Oshima, 501, 508. 
(Eutermes) las-pifiasensis Oshima, 489, 
503, 504. 
(Grallatotermes) luzonicus Oshima, 606. 
(Grallatotermes) panayensis Oshima, 489, 
505, 
(Hospitalitermes) hospitalis (Haviland), 
500, 501. 
(Hospitalitermes) luzonensis Oshima, 501. 
(Rotunditermes) culasiensis Oshima, 489. 
(Trinervitermes) menadoensis Oshima, 
504. 
Euwebera, 462, 
Evodia Forst, 265, 365, 872. 
coriacea Merr., 265, 
laxireta Merr., 265. 

Experimental starvation 

415. 


in human beings, 
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Faacioloides Ward, 628, 

Fasciola aegyptiaca Loosa, 628, 629. 
angusta Railliet, 628. 
gigantica Cobb., 627-629. 
hepatica, 627-625. 
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matodes from the Philippines, 627. 
Favolus Fr., 369. 
multiplex Lév., 369, 872. 
philippinensis Berk. var, obscurata Bres., 
869. 
spathulatus Jungh., 869. 
FELT, E. P., New Philippine gall midges, 
231. 
Fibraurea Lour., 289, 249. 
chloroleuca Miers, 249. 
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Ficus angustissima Merr., 363, $72. 
benjamina Linn., 364, 865, 867, 872. 
cumingii, 177. 
hauili, 188. 
nota (Blanco) Merr., 865, 373. 
religiosa Linn., 366, 873, 
ulmifolia, 111. 
sp., 164, 169, 869, 504. 

FISHER, WILLARD J., Low-sun phenomena 
in Luzon, IL Zenith observations of 
dawn, Daguio, 1920, 487; Low-sun phe- 
nomena іп Luzon, ПІ. Marine sunsets 
and the duration of sunset on Manila 
Pey and the China Sea, 607. 

Flacourtiaceae, 291. 
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GAHAN, A. B., New reared parasitic Hyme- 
noptera from the Philippines, 343. 

Galaxy, 487, 488. 

Ganoderma Karstn., 367. 
leucophaeum (Mont.) Pat, 867. 
rugosum Nees, 367, 

Gardenia florida, 192. 

GAVINO, CATALINO, see Gomnz, KAPANAN, 

and GAVINO. 

Geniostoma Forst., 304. 
lencilimbum Merr., 304, 
longipes Merr., 804. 
nigrescens (Blanco) Merr., 305. 
ramosii Merr., 304, 

Gesneriacene, 815. 

Gliricidia sepium (Jacq.) Steud., 178, 368, 369, 

318. 

Gnetum gnemon, 383. 

GOMEZ, LIBORIO; KAPAUAN, AMANDO 
M.; and GAVINO, CATALINO, Diph- 
theria in the Philippine Islands, 87. 

Gomphandra Wall., 276, 277. 
cumingiana F.-Vil, 278. 
glabra Merr., 277, 
lanceolata. King, 277. 
lancifolia Merr., 277. 
oblongifolia Merr., 276. 

Goniothalamus Hook. f. and Thoms., 251. 
amuyon (Blanco) Merr., 251. 
panayensia Merr., 251. 

Gonocaryum Мід, 278. 
calleryanum Becc., 279. 
gr&ndifolium Merr., 278. 

Greenia hirsuta Elm., 480. 

Greeniopsis Merr., 319. 
euphlebia Merr., 319. 

Grevillea robusta A. Cunn., 86b, 373. 

Griffith, J. P. Crozer, review of his The 
eases of Infants and Children, 421. 

Grumilea, 446, 454. 

Guepiniopsis Pat, 365. 
spathularius (Schw.) Раф, 365, 871. 

GUERRERO, L. E, and CONCEPCION, І, 
Xerophthalmia in fowls fed on polished 
rice, and Из clinical importance, 99; 
see also MoNSERRAT, SCHÜBL, and GUE- 
RRERO. 


Dia- 
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Guioa Cav., 279. 
bicolor Мегг., 279, 
Guttiferae, 287, 
Gymnosporia spinosa, 158. 
Gymnostachyum Nees, 314, 
longispicatum Merr., 314, 
spiciforme (Elm.) Merr., 314, 
Gynochthodes Blume, 425, 426, 
mindanaensis Мегг., 425, * 
Gyrinopsis Dec., 294. 
acuminata Merr., 294. 
brachyantha Merr., 294. 
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Halictus caroli CkIL, 229. 
cattulus Vachal (not catulus 
621. 
himalayensis Bingh., 621. 
‘philippinensis Ashm., 229. 
semirussatus Ckll, 620, 
Hasseltia Blume non HBK., 307. 
HBK., 307. 
arborea Blume, 309. 

Hazen, Henry H., review of his Syphilis: A 
Treatise on Etiology, Pathology, Diag- 
nosis, Prognosis, Prophylaxis, and 
Treatment, 237. 

Hedyotis Linn., 425, 426. 

asperrima Merr., 433. 
atropurpurea Merr., 426, 
brachyantha Merr., 427. 
c&tanduanensis Merr., 428. 
caudata Merr., 429. 
diffusissima Merr., 429. 
fruticulosa Volkens, 431. 
laxiflora Merr., 430. 
leucocarpa Elm., 494. 
longipedunculata Merr., 430. 
microphylla Merr., 480. 
nitida W. and A., 482. 
oligantha Merr., 431. 
phanerophlebia Merr., 481. 
philippensis (Willd.) Merr., 433. 
pinifolia Wall, 482. 
rigida Miq., 434. 
rigidae, 433. 
scaberrimg Merr., 432, 433. 
sibuyanensig Elm., 428. 
simplex Merr., 433, 
tenelliflora Blume, 432. 
Helicia Lour., 247. 
oligophlebia Merr., 248. 
paucinervia Merr., 247. 
Hemolytie properties of cobra venom, 61. 
Heriades Ѕріп.; 226. 
bakeri CkIL, 226, 227. 
fulvescens Ckli, 226. 
othonia Fr. 227. 
sauteri, 226, 227. 
sauteri philippinensis Fr. 226. 
truncarum (Linn.), 227. 
Heterapia, 221. 
sandacanensia CkIl., 228. 
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Heterochaete Pat., 864. Txora—Continued. 
gelatinosa (Berk.) Pat, 364, 878. longistipula Merr., 485. 
Heteropsylla longicornis Crawf., 854. luzoniensis Merr., 434. 
Hevea brasiliensis (HBK.) MuelL-Arg., 370, meyeri Eim., 479. 
873. spareiflora Elm., 485. 
Hexagona Fr., 869. tenuipedunculata Merr,, 321. 
thwaitesii Berk. var. reiropicta Bres. J 
369, 372, 818. 
Hibiscus, 167, 170. Jatropha curcas, 178, 183. 
tiliaceus, 879-884. JOHNSON, HARRY G., Streptococcus hem- 
Higher Basidiomycetes from the Philippines olyticus: a case study, 91. 
and their hosts, IV, 863. Justicia spiciformia Elm., S14. 
Hippocrateaceae, 276. 
Hippocratea Linn., 275. K 
ellipticarpa Merr., 275, Kamupang, 292, 
megalocurpe Merr., 276. Kaná, 258, 
Hirst, John Cooke, review of his A Manual KAPAUAN, AMANDO, М., see Gomez, KA- 
of Obstetries, 236, PAUAN, and GAVINO. 
Homalotylus albitareía Gahan, 848. & KARNY, H., Some Thysanoptera from the 
mundus Gahan, 343, Philippine Islands, 203. 
Homonoia riparia Lour, 188, 876. Kayea Wall, 290. 
HORILLENO, ЕВ, see ALBERT and HoRILLENO. lanceolata Merr., 290. 
Horsfieldia Willd., 263, Kibatalia G. Don, 806, 807. 
acuminata Merr., 253. africana (Benth.) Merr., 809. 
irya Warb., 253. arborea (Blume) G. Don, 809. 
obscurinervia Merr., 254. blancoi (Rolfe) Merr., 309. 
rg&mosii Merr., 254. borneensis (Stapf) Merr., 309, 
Hoya R. Br, 810. elastica (Preuss) Merr., $09. 
cardiophylla Merr., 810, 312. latifolia (Stapf) Merr., 809, 
reticulata Merr., 311, longifolia Merr., 807. 
Hydnocarpus Gaert., 291, schefferi (К. Schum.) Мегг,, 309. 
hutchinsonii Merr., 291, stenopetala Merr., 308. 
Hymenochaete tristiusculum Massee, 864, wigmani (Koord.) Merr., 308, 310. 
Hymenoptera from the Philippines, 348, zenkeri (К. Schum.) Merr., 310. 
Hypericum biflorum Lam., 287, 288. Kickxia Blume, 806, 307. 
chinense Retz. 288. Dum., 806, 807. 
olympicum Lour., 288. africana Benth., 309, 
petiolatum Lour., 288. arborea F,-Vill., 309. 
arborea Steud., 309, 
1 blancoi Rolfe, 309. 


Icacinaceae, 276. 
Teerya Sign., 149. 
aegyptiaca (Dougl), 150, 152, 153, 
aegyptiacum (Dougl.) Riley and Howard, 

152. 
candida СЕП, 161. 
jacobsoni Green, 150, 151. 


borneensis Stapf, 309. 
elastica Preuss, 309. 
latifolia Stapf, 309. 
macgregorii Elm., 309. 
merrittii Merr., 309, 
schefferi K. Schum., 309. 


purchasi Mask., 150, 151, zenkeri K. Schum., 310. 
seychellarum (Westw.), 150-152. Kigelia pinnata DC., 370, 373. 

Idolothrips (7) tibialis Ashm., 209. Kizia, 307, ` 

Пех Linn., 273. arborea A. DC., 809. 
brunnea Merr., 274. Klangnita, 808. 
buergeri Miq., 274. Knema Lour., 256. 
curranii Merr., 273. acuminata Merr., 258. 
microthyrsa Loesen, 27b. vidalii Warb., 256. 
paucinervia Merr, 274, Koordersiodendron pinnatum (Blanco) Merr.. 
rugosa Schmidt, 274. 363, 364, 873. 

Infantile mortality, obsteiries and its re- Kuyaob, 261. 

lation to, 19. L 

Ipomoea carica, 158. 

Ixonanthes Jack, 239, 264. Lachnocladium Lév., 366. 
longipedunculata Merr., 264, brasiliense Berk., 366. 

Txora Linn., 320, 425, 434. pungens Lév, (sub Мегівіпа), 367. 
angustilimba Merr., 820. samoense P, Henn., 866. 
capitulifera Merr., 322. © | Lagerstroemia speciosa (Linn.) Pers, 364. 


confertifiora Merr., 321, 365, 373. 
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Lansium domesticum Correa, 368, 878. 
Lantana camara, 173, 185. 
LANTIN, P., and VITUG, W., Clinical studies 
on encephalitis lethargica, 97, 
Laschia Mont., 869. 
cuticularis Léy., 869, 871. 
Lasioptera panicull Felt, 232, 
Lauraceae, 257. 
Lecanium, 189, 
Lecanium bromeliae Bouché, 178. 
expansum var. quadratum Green, 194. 
mangiferae Green, 190. 
viride Green, 190. 
LEE, H. ATHERTON, Action of some fun- 
gicides on the citrus-canker organism, 
a progress report, 325; Black spot of 
citrus fruits caused by Phoma citri- 
carpa McAlpine, 685. 
Leea Royen, 280. 
acuminatissima Merr., 282. 
capitata Merr., 281. Ы 
congesta Elm., 281. 
indica (Burm. f.) Мегт., 283. 
longipetiolata Merr., 288. 
platyphylla Merr., 280, 282. 
ramosii Merr., 282, 
unifoliolata Merr., 282. 
Leguminosae, 262. 
Lentinus Fr., 870. 
braccatus Lév., 870, 878. 
villosus KL, 370. 
Lenzites Fr., 369. 
palisoti Fr., 369, 371-878. 
Leucaena glauca Benth., 178, 868, 878, 499. 
Leucoporus Pat, 869. 
arcularius (Fr.) Pat, 369. M 
gallopavonis (Berk.) Pat, 870, 372. 
Leuronota attenuata Crawf., 358, 
mieroceras (Crawf.), 858. 
Linaceae, 264. 
Linaria, $06, 307. 
Liquor cresolis compositus, 329, 338, 340. 
Litsea glutinosa, 150, 152. 
perrottetii F.-VilL, 370, 873. 
Livistona rotundifolia Mart., 367, 373. 
Llaveia benguetensis Ckll, 157. 
Loganiaceae, 304. 
Lophococcus СКИ., 149, 153. 
convexus Morrison, 153, 154, 155, 
mirabilis CkIL, 153. 
Lowry, Edith B., notice of her The Woman 
of Forty, 238. 
Low-sun phenomena in Luzon, 487, 607. 
Гусорегдасеве, 871. E 
Lycopersicum esculentum, 178. 
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Macaranga tanarius (Linn.) Muell-Arg., 865, 
369, 373. 
Macrohomotoma apsylloides (Crawf.), 858. 
gladiatum Kuw., 856, 
пуазав Newst., 854. 
Magnoliaceae, 249. 
Malayan bees, 615. 


658 


Mallotus ricinoides (Pers.) Muell-Arg. 870, 
373. 

Mangasalaokag, 292. 

Mangifera indica Linn., 166, 181, 865, 866, 
813. 

Manihot utilissima Pohl, 197, 364, 369, 370, 
378. 

Marang, 173. 

McFarland, Joseph, Notice of his A Text- 
book upon the Pathogenic Bacteria and 
Protozoa for Students of Medicine and 
Physicians, 238. 

Medinilla Gaud., 295. 

aurantiaca Elm., 297. 
capitata Merr., 295, 
confertifiora Merr., 296. 
ferruginea Merr., 297, 
furfuracea Merr., 300. 
purpurea (Elm.) Merr., 298, 299. 
írunciflora Merr., 297. 
umbellata Merr., 299. 

Megachile Latr., 224. 

atrata fulvipennis (Sm.), 228. 

facetula Ck, 228. 

philippinensis Fr., 229. 

sandacana СКН., 228. 

tarsatula Ckll, 224, 229. 
Megatrioza, 356. 

asiatica Crawf., 357. 

eugenioides Crawf., 857. 

gigantea Crawf., 367. 

grandis Crawt., 957, 

Melastomatacere, 895. 

Meliaceae, 268. 

Menispermacese, 249, 

MERRILL, ELMER D., New or noteworthy 
Philippine plants, XVI, 239; Myrme- 
conauclea, a new genus of rubiaceous 
plants from Palawan and Borneo, 376; 
Comments on Cook’s theory as to the 
American origin and prehistorie Poly- 
nesian distribution of certain economie 
plants, especially Hibiscus tiliaceus Lin- 
naeus, 877; Studies on Philippine Ru- 
biaceae, IV, 425; А new genus of 
Myrsinaceae from the Philippines, 605. 

Mesohomotoma Kuw., 356. 

Mesotrichia amauroptera (Pérez), 229. 

latipes basiloptera CklL, 229. 
suleifrons (Pérez), 229. 
vachali (Pérez), 229. . 

Metacrangonyz longipes Chev., 520. 

Metatermitidae, 498. 

Місгосегоќегтея Wasmann, 508. 

los-banosensis Oshima, 508. 
Microphallinae, 631. 
Microtropis Wall, 275. 

philippinensis Merr., 215. 

rostrata Merr., 275, 

Military surgeon and the civillan practitioner, 
11. 

Milk sugar determination, 218. 

Milky way, 487. 

Millable cane in the Philippine Islands, 138. 

Mimosa pudica, 118. 
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Monophlebinae, 148, 149. 

Monophlebulue townsendi Ckll, 157. 

Monophlebus Burm., 157. 

MONSERRAT, C.; SCHOBL, 0.; and GUE- 
RRERO, L. E. Venom of the Philip- 
pine cobra (alupong) Naja naja phil- 
ippinenais, 59. 

Moraceae, 247. 

Morus alba, 152, 191. 

Morinda Linn., 425, 435. 

bracteata Roxb., 866, 373. 
coriacea Merr., 435. 
nitida Merr., 435. 
umbellata Linn. 435. 
volubilis Merr., 436. 

MORRISON, HAROLD, The nondiaspine Coc- 
cidae of the Philippine Islands, with 
descriptions of apparently new species, 
147. 

Musa textilia, 884. 

Mussaenda Linn., 425, 436. 

acuminatissima Merr., 486, 
philippinensis Merr., 437. 

Mycodiplosis spondiast Felt, 234. 

Myristicaceae, 258. 

Myristica Linn., 254. 

cagayanensis Merr., 255. 

cumingii Warb., 255. 

laxifiora Merr., 254. 

philippensis Lam., 256. 

Myrmeconauclea Merr., 374, 375. 

strigosa (Korth.) Merr., 875. 

Myrsinaceae, 802, 605. 

from the Philippines, new genus of, 605. 


N 


Naja caeca, 60. 
паја philippinensis, 60. 
phüippinensia, 61, 62. 
sputatriz, 60. 

Nauclea, 375, 876. 
atrigosa Korth., 876. 

Neonauclea strigosa Merr., 375. 

Nesiope Kirk., 355. 
ornata (Kirk.), 855, 356. 

Ngabñgab, 256, 

Niphargus chilkensis, 516-621. 
philippinensis Chilton, 518, 619, 520. 
pulchellus Sayce, 520. 

Nomada Scop., 228. 
adusta Sm., 623. 
dissessa Ckll, 622, 
lusca Sm., 622, 
palavanica CklL, 229, 622. 
polyodonta CkIL, 622, 
sandacana CklL, 223. 
teataceobalteata Cam., 224. 

Nomia Lat, 221, 615. 
albofasciata Sm., 618. 
albofimbriata Cam., 619. 
bicarinata, 223. 
bicarmata Cam., 223. 
bidiensis Cam., 223. 

horneana Cam., 222. 
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Nomia—Continued. 
borneana Cam. (erythropoda Cam.), 223. 
ceratina (Sm.), 223. 
clavata Sm., 618. 
elegans Sm., 222. 
elongata Fr., 616, 618. 
elongatula CkIL, 229. 
erythropoda Cam., 222, 617. 
gribodoi Vachal, 223. 
incensa CklL, 616, 620, 
iridescens Sm., 221. 
iridescens rhodochlora CklL, 616, 617. 
iridescens Sm. var. rhodochlora Ck!l., 221, 
228. 
leucozonata penangensis СКП., 615, 617. 
levicauda Cll, 620. 
lusoria CklL, 229. 
mediorufa morata СКИ., 616, 819. 
pachypoda CklLl, 618. 
palavanica CklL, 229, 616. 
регсопсіппа СКИ., 615, 618. 
phüippinensis (Fr.), 619, 
quadrifasciata notha (CklL), 229. 
robusta Cam., 222, 223. 
scutellata Sm., 619. 
scutellata remolita CklL, 616, 619. 
selangorensis Ckll., 615, 617. 
strigata (Fabr.), 221, 223, 229, 615, 617. 
strigata (Fabr.) variety, 615. 
strigata (Fabr.) var. ridleyi (Ckll.), 221. 
subpurpurea CkIl., 615, 616. 
Lakauensis Fr., 619. 
tuberculifrons Ckll, 222, 223, 615, 617. 
ustula СЫ, 619. 
varibalteata Cam., 228, 
violgceipennia Cam., 222. 
Nomioides valdezi Ckll, 229. 
Nothopanaz cumingii Seem., 800. 


о 

Ochnacene, 287. 

Ochna fascicularis Blanco, 287. 

Odontotermes Holmgren, 499. 

denticulatus, 500. 
mediodentatus Oshima, 489, 499. 
Ophiorrhiza Linn., 425, 537. 
macgregorii Merr., 437, 439. 
ovata Merr., 438, 
pubiflora Merr., 438. 
stenophylla Merr., 439. 
tenuis Merr., 440. 
Ormosia Jackson, 263, 
surigaensis Merr., 263. 

Oryza sativa Linn. 870, 378. 

OSHIMA, MASAMITSU, Philippine termites 
collected by R. C. MeGregor, with de- 
scriptions of one new genus and nine 
new species, 489. 

Ouratea Aublet, 287. 

mindanaensis Merr., 287, 

Oxymitra Hook. f. and Thoms., 250. 

oligophlebia Merr,, 250, z 
paucinervia Merr., 251. 


Index 


P 
Pamaluyan, 605. 


Panax cumingiana Rolfe, 380. 

Pandanacene, 240. 

Pandanus Linn, f., 240. 

apiculatus Merr., 240. 
brachyspathus Mart, 243. 
dinagatensis Merr., 240. 
multibracteatus Merr., 240, 241. 
ramosii Merr., 242, 
tenuipedunculatus Merr., 243. 

Panicum carinatum Presl, 233. 

crus-galli Linn., 281. 
Panophthalmitis, clinical forms of, 65. 
Paracalliope fluviatilis (G. M. Thomson), 513, 
514. 

Paracorophium ezcavatum (С. М. Thomson), 
514. 

Paralecanium CkiL, 182, 193. 

cocophyllae Banks, 193, 194. 
expansum Green, 198, 194. 
expansum quadratum (Green), 193-195. 
luzonicum CkIL, 193, 194. 
Paramphistoma, 630. 
Paramphistomum &nisocotylea Faust, 629, 
explanatum, 630. 

Paranuyog, 271. 

Parashorea plicata Brandis, 365, 368, 374. 

Paratropia cumingiana Presl, 800. 

Parinarium grifithianum Benth., 865, 374. 

Parsonsia В. Br., 310. 

philippinensis Merr., 310, 
Pauiean, 259. 
Paurocephala psylloptera Crawf., 353. 
Pauropsyllinae, 353. 
Pauropsyla apsyloides Crawf., 353. 
udei Rübs., 353, 

Pavetta Linn., 425, 464, 471, 474, 480. 
barnesii Elm., 478. 
elmeri Merr., 475, 
eucrantkha Elm., 471. 
indica Linn., 471, 475, 477, 478. 
luzoniensis (Vid.) Merr., 479, 
meyeri (Elm.) Elm., 479. 
multinervie Merr., 475. 
palawanensis Elm., 471, 479. 
palawanensis Merr., 478, 479. 
phanerophlebia Merr., 471, 478, 479. 
pubescens (Bartl) Merr., 479, 
scaberula Merr., 471. 
subferruginea Merr., 477, 
williamsil Merr., 476, 

Peltophorum ferrugineum, 156. 

PELZMAN, IVY A. Informal presentation 
of two urological cases: One a diverti- 
culum of the bladder, and опе a left 
renal calculus complicated by pyelitis, 
85, 

Pentapanaz sp., 300. 

Pentaphragma Wall, 822. 

philippinense Merr., 323. 
platyphylla Merr., 322, 
Persea gratissima, Gaertn., 370, 374. 
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Phaeocyphella Pat, 366. 
hibisci Pat, 866, 373. 

Phagicolinae, 631. 

Phagicola pithecophagicola Faust, 630, 631, 

Phalería, 383. 

Phenacoccus СКИ., 160, 169. 
hirsutus Green, 169, 170. 
mangiferae Green, 165, 
вріповив Rob., 165. 

Pherusa australis, 513. 

Philippine gall midges, 231, 

Islands Medical Association and Manila 
Medical Society, Proceedings of the, 1. 
termites, 489. 

Photis longicaudata (Bate and Westw.), 518. 

Phreatogammarus propinquus Chilton, 620, 

Phyllochlamys Bur., 239, 247. 
spinosa Bur., 247. 
taxoides (Heyne) Koord., 247. 
taxoides (Heyne) Koord. var. 

Merr., 247, 

Phytocrene, 188. 

Pigit, 261. 

Piperaceae, 244. 

Piper Linn., 244. 
angustipeltatum Merr., 244. у 
betle var., 186, 
catubigense Merr., 244, 
elmeri Merr., 245, 
longilimbum С, DC., 245. 
longistigmum C. DC., 244. 
penninerve C. DC., 245, 

Pithecolobium Mart., 262. 
elypearia Benth., 263. 
contortum Mart, 268. 
dulce (Roxb.) Benth., 172, 178, 368, 374, 

504, 505, 510, 
Bcutiferum, 156. 
sessiliforum Merr., 262, 

Pithecophaga jefferyi Grant, 680. 

Pittosporacene, 257. 

Pittosporum Banks, 257. 
euphlebium Merr., 258. 
glaberrimum Merr., 268. 
obscurinerve Merr., 257. 
odoratum. Merr., 258. 

Platylecanium СЕП, and Rob., 182, 192. 
eribrigerum (СЮ, and Rob.), 198. 
рзеийєтратвит (Green), 198. 

Plectronia Linn., 425, 441, 
brunnea Merr., 441. 
gynochthodes Baill., 442, 443. 
oligophlebia Merr., 442. 
ra&mosii Merr., 442, 443, 
subcapitata Merr., 443, 
umbellata (Bartl.) К. Schum., 442, 

Pleurotropis anomala Gahan, 348, 


parvifolla 


448. 


Pollakiuria, a case of, 79. 

Polyporaceae, 367. 

Polyporus Mich., 367. 
affinis Nees, 867. ' 
arcularius Fr., 867. 
bicolor Jungh., 867, 872. 


656 


Polyporus—Continued. 
caryophylli Racib., 367, 372. 
coherens Lév., 867. 
contractus Berk., 867. i 
grammocephalus Berk., 867. 
hirsutus Fr., 868, 372, 
inamcenus Mont., 368. 
lienoides Mont., 368, 373. 
melaenus Lév., 368. 
pachyphloeus Pat., 368, 374. 
pinsitus Fr., 368, 373. 
rigidus Lév., 368. ' 
rugulosus Lév., 868, 871, 374. 
vellereus Berk., 368, 373. 
xanthopus Fr., 368. 

Polyscias cumingiana F.-Vill, 300. 

Popowia Endl., 252. 
lanceolata Merr., 252. 
pisocarpa Endl., 253, ! 
polyandra (Presl) Merr., 253. ` i 

Poria Pers., 367. 

(Porogramme) fuligo Berk., 367, 371. 
(Porogramme) ravenalae Berk., 367, 873. 

Porolaschia Раф, 369. _ 
tonquinensis Раф, 369, 371. 

Premna odorata, 177. 
sp. 365, 874. 

Proceedings of the Philippine Islands Medi- 
cal Association and Manila Medical So- 
ciety, 1. 

Prosopis Fabr., 224. 

borneensis Ckll, 225. 

feai Vachal, 621. 

hewittii Cam., 226. 
mindanensis CkM., 225, 
opacissima СКП., 224, 225, 621. 
palavanica СИП, 229. 
penangensis СКП., 621. 
scutula Vachal, 621. 

taclobana CklL, 225. 
vidaliana Naves, 370, 314. 

Proteaceae, 247. 

Protermitidae, 490. 

Protopulvinaria CklL, 182, 186. 
longivalvata Green, 186, 189. 
longivalvata bakeri Ckll. and Rob,, 186. 

Pseudizora Miq., 462, 474. 

Pseudococcus West, 160, 170. 
bromeliae (Bouché), 171, 173, 175. 
citri (Risso), 177. 
filamentosus (СКП.) 171, 173, 175, 
lilacinus СКИ., 171, 176. * 
sacchari (Ckil.), 171, 178, 174. 
tayabanus Ckll, 170. 
virgatus (CklL), 171, 172, 844. 
virgatus (OklL) var., 171. 

Pseudomonas citri Hasse, 325, 826, 828, 329, 
332-341. 

Pseuduvaria Miq., 251. 
caudata Merr., 251. 

Psidium guajwa Linn., 150, 152, 177, 185, 


Index 


Psychotria Linn., 425, 444. 

+ alvarezii Merr., 447. 
amplissima Merr., 444, 445. 
bataanensis Elm., 445. 
capizensis Merr., 445. 
cardiophylla Merr., 446, 448. 
castanea Merr., 446, 
cordatula Merr., 447. 
elliptilimba Merr., 448, 
euphlebia Merr., 460. 
fenicia Merr., 449, 
gitingensis Elm., 449. 
(Grumilea) faaciculiflora Merr., 416. 
heteromera Merr., 449. 
lancilimba Merr., 451. 
lianoides Elm., 458. 
longipetiolata Merr., 451. 
lucida Merr., 452. 
luconiensis (Cham.) F.-Vill., 453. 
magnifolia Merr., 453. 
malayana Jack, 453. 
nagapatensis Merr., 454. 
negroaensis Elm., 456. 
obscurinervia Merr., 455, 
pallidifolia Merr., 456, 
panayensis Merr., 456, 
papillata Merr., 455. 
pilosella Elm., 450. 
pinnatinervia Elm., 451. 
piperi Merr., 457. 
plumeriaefolia Em., 452. 
pygmaea Merr., 458, 
ramosissima Elm., 458. 
repens Elm., 469. 
rizalensis Merr., 445, 
scaberula Merr., 459, 
subsessiliflora Elm., 449. 
tricarpa Merr., 460. 
velutina Elm., 460. 

Psyllidae of Borneo, 353. 
Psylla crenata, 359. 
fumosa Crawf. 359. 
Pterocarpus indicus Willd., 365, 374. 
Pteromalidae, 345. 
Pterospermum obliquum Blanco, 364, 374. 
Pterula Fr., 366. 
capillaris Lév., 366, 374. 
fascicularis Bres. and Pat., 366, 371. 
pungens Henn., 367. 
simplex Ѕасе. and Paol., 366, 371. 
Pulvinaria Targ., 182. 
cellulosa Green, 184. 
polygonata CklL, 183, 184. 
psidii Mask., 183-185. 
peidii philippina Ckll, 185. 
thespesiae Green, 183. 
tyleri CklL, 183, 184. 
Puto Sign., 160, 165. 
spinosus (Rob.), 165. 


Q 


188, 366, 374. 


Quercus bennettii Miq., 365, 314. 
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Randia Linn., 425, 460. 

arborea Elm., 470. 

ebracteata Elm., 469, 470. 

fitzalani Eim., 469, 

racemosa (Cav.) Е.-УШ., 462, 474. 

rostrata Merr., 460. 

samalensia Elm., 461. B 

wallichii Merr., 469. 

Rapanea, 606. 
REINKING, OTTO A., Higher Basidiomy- 

* cetes from the Philippines and their 
hosts, IV, 863. 

Renal calculus complicated by pyelitis caused 
by bacillus pyocyaneus, 88. 
REVIEWS: 

Andros, Stephen 
Handbook, 285. 

Councilman, W. T. and Lambert, R, A., 
The Medical Report of the Rice Expedi- 
tion to Brazil, 421. 

Da Costa, John Chalmers, Modern Surgery, 
General and Operative, 288. 

Duncan, С. S., Commercial Research: An 
Outline of Working Prineiples, 237. 

Griffith, J. P. Crozer, The Diseases of In- 
fants and Children, 421. 

Hazen, Henry H., Syphilis: A Treatise on 
Etiology, Pathology, Diagnosis, Prog- 
nosis, Prophylaxis, and Treatment, 287. 

Hirst, John Cooke, A Manual of Obstet- 


O. The Petroleum 


ries, 236. 
Lowry, Edith B., The Woman of Forty, 
238. 


McFarland, Joseph, А Text-book upon 
the Pathogenic Bacteria and Protozoa 
for Students of Medicine and Physi- 
cians, 238. 

The Medical Clinics of North America, 
September, 1919, 235. 

The Medical Clinics of North America, 
November, 1919, 422. 

The Medical Clinics of North America, 
January, 1920, 526. 

Rhinotermitinae, 492. 
Rhinotermes Hagen, 492. 
(Schedorhinotermes) bidentatus Oshima, 


489, 494, 

(Schedorhinotermes) longirostris (Brau- 
er), 493. 

(Schedorhinotermes) tarakensis Oshima. 
492. 


Rhizococcus Sign., 160, 161. 
intermedius Mask., 164. 
philippinensis Morrison, 161, 168. 

Ricinus communis, 173. 

Rondeletia asiatica Linn., 461, 

Rosaceae, 259. 

Rosa Linn., 259. 
luzoniensis Merr., 259. 
multiflora Thunb., 259. 
multiflora Vidal, 260. 
philippinensis Merr., 260, 


472. 
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Rosa—Continued. 
philippinensis Merr, 
Merr., 281. 
wichuraiana Crépin, 261, 
Rubiaceae, 817. , 
Rubus transmorrisonensis Hayata, 259. 
RUSTIA, G., Autoinfection, so-called, during 
the puerperium, 119. 
Rutaceae, 265. 


var. depauperata 


8 


Saissetia Despl, 182, 196. . 
hemisphaerica (Targ.), 196, 845. 
nigra (Nietn.), 196, 197. 
oleae (Bern.), 196, 197. 
triangularum Morrison, 196, 197, 199. 

Samanea saman, 170, 188, 192. 

Sapindaceae, 279. 


| Sarcocephalus fluviatilis Elm., 375. 


Saurauia Willd., 284. 
1апаепвів Merr., 286, 
mindorensis Merr., 284. 
trunciflora Merr., 285. 

Scelionidae, 349. 

Schefflera insularum Harms, 282. 

Scheueria scheffierae Felt, 231, 

Schizophyllum Fr., 370. 

commune Fr., 870, 372-874. 

Schizostachyum, 366, 874. 

SCHOBL, O., Note on the keeping qualities 
of dried and pulverized vaccine virus, 
ББ; see also MONSERRAT, SCHÜBL, and 
GUERRERO. 

SEABOLD, PAUL S. The Dunham fan in 
roentgenograms, 10. 

Semecarpus Linn., 272. 

cassuvium Roxb., 273. 
cuneiformis, 177, 365, 
surigaensis Merr., 272, 

Serphidoidea, 349. 

Sikarig, 477. 

Sikim, 246. 

Simarubaceae, 268. 

Simblum КІ., 371. 

flavescens Berk., 371. 
gracie Berk., 371. 
periphragmoides KL, 871. 

SISON, A. G., Certain cardiac reflex symp- 
toms due to disturbances of remote 
organs, 409; Clinical observation on ex- 
perimental starvation in human beings, 
415. 

SMITH, JOSEPH, W., JR, The complement 
fixation test for syphilis: incubation 
for fixation at ice-box temperatures, 81. 

Solanum grandifiorum Ruiz and Pav., 884, 
374, 

Spirochaeta pallida, 81. 

Spondias mombin L., 234. 

purpurea, 177, 505. 

Staphylococeus aureus, 123. 

Stemonurus fuliginea Elm., 277. 

Stenodiplosis geniculati Reut., 281. 

Sterculiaceae, 288. 
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Sterculia Linn., 288. 
glabrifolia Merr., 283. 
Stereum Pers., 365. 
boryanum Fr., 365, 372, 378. 
lobatum Fr., 866. 
mellisii Berk., 866, 871, 
perlatum Berk., 866, 378. 
spectabile Mont., 366, 
surinamense Lév., 366. 
Streblus asper Lour., 152, 177, 864, 874. 
Streptococcus hemolyticus, 91. 
pyogenes, 123. 
Strychnos nuz-vomica Linn., 868, 874. 
Stylocoryna Cav., 425, 462. 
King non Cav., 462. 
adpressa King, 472. 
albituba Miq., 474. 
angustifolia King, 472. 
buruensis Miq., 474. 
celebica Miq., 474, 
costata Miq., 472. 
densiflora Miq., 474. 
forsteniana Miq., 474. 
fragrana Blume, 470, 473. 
laxiflora Blume, 473. 
lucida Miq., 474. 
(?) macrophylla Barti., 472. 
maingayi King, 472. z 
mollis Wall., 473. 
orophila Miq., 474. 
polycarpa Miq., 478. 
pubescens Bartl., 479. 
sambucina A, Gray, 473, 
Stylocoryne incerta Elm., 471. 
macrophylla Bartl., 469. 
webera A. Rich., 462. 
webera Walk, 466. 
Symptoms of cobra venom intoxication, 61. 
Synacanthococcus Morrison, 160, 166, 
bispinosus Morrison, 166. 
Syphilis, complement fixation test for, 31. 
T 
Tabernaemontana pandacaqui, 196. 
Sp. 166. 
Tachardiinae, 148, 178. 
Tachardia В. Blanch., 178. 
aurantiaca СКП., 181. 
fici Green, 178, 179. 
{асса Kerr., 178. 
minuta Morrison, 178, 179, 180. 
Taftia prodeniae Ashm., 344, 345. 
saissetiae Gahan, 344, 
Talauma Jussieu, 249, 
angatensis F.-Vill, 250, 
reticulata Merr., 249, 
Tamarindus indica Linn., 365, 370, 374. 
indicus, 178, 
Tarenna Gaertn., 426, 461, 462. 
acuminata Merr., 462, 
adpressa (King) Merr., 472, 
angustifolia (King) Merr., 472, 
arborea (Elm.) Elm., 470, 
asiatica (Linn.) О. Kuntze, 462, 472. 
borneensis Val, 473. 
buruensis (Miq.) Merr., 474, 
catanduanensis Merr., 463. 
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Tarenna—Continued. 
confusa Val., 478. 
costata (Miq.) Merr., 472. 
cumingiana (Vid.) Elm., 470, 
ebracteata Elm., 469, 470. 
elongata Merr., 464. 
eucrantha (Elm.) Merr., 467, 471. 
fragrans Koord. and Val, 466, 470, 473, 
414. 
gibbsiae Wernham, 478. 
glabra Merr., 478. 
incerta Koord. and Val, 469. 
laxiflora (Blume) Koord. and Val, 478. 
littoralis Merr., 465, 
maingayi (Hook. f.) Merr., 472. 
maritima Merr., 468. 
meyeri Elm., 479. 
mollis (Wall.) Val, 470, 473. 
nigrescens Warb., 478. 
nitida Merr., 466. 
obtusifolia Merr., 467. 
palawanensis (Elm.) Merr., 467, 471, 479. 
polycarpa Koord. and Val, 470. 
polycarpa (Miq.) Val., 473. 
pumila (Hook. f.) Merr., 473. 
sambucina (A. Gray) Warb., 473. 
всаЪеги!а (Merr.) Merr., 464, 471, 
stenantha Merr., 468, 470, 472. 
winkleri Val, 470, 478. 
zeylanica Gaertn., 461, 472, 
zeylanica Koord. and Val., 469. 
Tectocoris lineola Fabr., 346, 361. 
Telosma Cov., 312. 
parviflora Merr., 312. 
Tenaphalare juliana Crawf., 365. 
malayensis, 355. 
Termes (Macrotermes) copelandi Oshima, 498. 
hospitalis Hav., 500, 
longirostris Brauer, 493. 
(Macrotermes) luzonensis Oshima, 498. 
(Macrotermes) manilanus Oshima, 498. 
(Macrotermes) philippinensis Oshima, 
498. 
travians Hav., 491. 
Terminalia Linn., 295. 
darlingii Merr., 295. 
surigaensis Merr., 295, 
Termitogetoninae, 496. 
Termitogetonella Oshima, 498. 
tiblaoensis Oshima, 489, 496, 
Tetractomia Hook. f., 265. 


acuminata Merr., 265. 

Tetralopha, 426. 

Tetrastigma Planch., 279. 
loheri Gagnep., 280. 
mindanaense Merr., 279. 

Thelephoraceae, 365. 

Thunbergia grandiflora, 198. 

Thymelaeaceae, 294. 

Thysanoptera from the Philippine Islands, 

203. 

Timonius DC., 317, 425, 480. 
auriculatus Merr., 480. 
hirsutus (Elm.) Merr., 480. 
lanceolatus Merr., 818. 
longistipulus Merr., 319. 
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Timonius—Continued. 
obovatus Elm., 817, 
panayensis Merr., 817, 
rotundus Merr., 317, 
trichophorus Merr., 480. 
valetonii Elm., 819. 

Toxomyia, 231. 
brideliae Felt, 233, 

Trametes Fr., 868. 
dermatodes Lév., 868, 872. 
meyenii KL, 868, 874. 
occidentalis Fr., 869. 
persoonii Mont., 869, 878, 
tegularis Lév., 869. 

TRELEASE, SAM F., The relation of salt 
proportions and concentrations to the 
growth of young wheat plants in nu- 
trient solutions containing а choride, 527. 

Trematodes, Philippine, 627. 

Tremellaceae, 864. 

Tremella Dill., 365. 

fuciformia Berk., 865. 

Trichosporum D. Don, 316. 
bakeri Мегт., 817. 
panayense Merr., 816. 
truncatum Elm., 817. 

Trigona ambusta Ckll., 228. 
apicalis Sm., 228. 
breviceps Ckll, 228. 
busare СКП., 228. 
fuscibasia СКН. 228. 
geissleri Fr. (var. a), 228. 
haematoptera СКИ., 228. 
luteiventris Fr., 229. 
melanocephala Grib., 228. 
melanotricha Ckll, 228. 
melina Grib., 228. 
palavanica Ckll, 229. 
rufibasalis Ckll, 228. 
sandacana Ckll, 228. 
scintillans Ckll, 228. 
trochanterica Ckll, 228. 
вр., 221, 229. 

Trigonon Crawf., 354. 
longicornis Crawf., 354. 
pacificum Crawf., 354, 

Trioza Foerst., 856. 
insula Crawf., 856, 357. 
papillata Crawf,, 357. 

Trogia Fr., 870. 
partita (Berk.) Pat, 270. 

Tylococcus Newst., 166. 

Tyora Walk., 856. 
congrua Walk., 355. 
hibisci Froggatt, 856. 
tndica Crawt., 356. 
(Nesiope) ornata, 355. 
ornata Kirk., 856. 

Typhoid carriers in the Philippines, 110. 

uU 

UBALDO, A. R. Clinical forms of panoph- 
thalmitis observed in the Philippine 
General Hospital, 65. 
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Udamostigma End., 856. 

Ulmaceae, 246. 

Urandra luzoniensis Merr., 276. 

Urophyllum Wgl., 425, 481, 485. 
affine Merr., 481. 
caudatum Merr., 481. 
lucbanense Elm., 482, 484. 
luzoniense, 481. 
panayense Merr., 482, 
quadribracteolatum Merr., 483. 


v 


Vaccine virus, notes on the keeping qualities 
of dried and pulverized, 55. 
Vahikampfia (Amoeba) limar, 890, 891. 
VELARDE, HERMINIO, Corneal paracente- 
sis, T1. 
Venom of the Philippine cobra, 59. 
Verbenaceae, 313. 
Vinsonia Sign., 181, 187. 
stellifera (Westw.), 187. 
УНасеве, 279. 
VITUG, W., see LANTIN and ViTUG. 


w 


Walkeriana Sign., 158. 

Waste molasses in the Philippine Islands with 
special reference to the haciendas of 
Negros, the utilization of, 395. 

Webera Hedw., 461. 

Hook. f., 462. 

Schreber, 461. 

corymbosa Willd., 461, 472. 
cumingiana, 470. 

fragrans Hook. f., 470, 473. 
luzoniensis Vid., 479. 
maingayi Hook. f., 472. 
meyeri Merr., 474, 479. 
mollis Hook. f., 473. 
pubescens Vid., 474. 
pumila Hook. f., 478. 

sp. Vid., 479. 

Wheat plants, salt requirements of, 527. 

Wikstroemia, 383. 

Williamsia Merr., 425, 484, 485, 
longistipula Merr., 485. 
panayensis Merr., 484, 485. 

Wrightia laniti, 178. 

X 

Xanthosoma sagittifolium, 173. 

Xerophthalmia in fowls, 99. 

Xerotus Fr., 370. 
nigrita Lév., 870. 

Xylocarpus collaris Lep., 228. 

Xylocopa fuliginata Pérez, 229. 
mimetica CKIL, 229. 
nigrocoerulea Sm., 229. 


2 : 
Zenith observations of dawn, Baguio, 
487. 
Zizyphus jujube, 188. 
Zodiacal light, 487. 
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